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| 2 as in WY x17, &c., they 3 are ſuppoſed to 
act upon the wheel, while they deſcend 
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or fly, of any given weight or magnitude, 
has received a given degree of e 
no more power is required to continue 
that velocity, than What is. ſufficient to 
overcome the friction. Yet if it moves 
twice as faſt, it will require four times 
the former power to continue that motion: 


hence, one would be apt to infer, that the 


friction increaſes with the ſquare of the 
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: | that one man may do the work of ten, 2 
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| wife, who, though a woman, is per 5 
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ſubject, che experiments on wheels, &.) 
| in which I have endeavoured to inveſtigate | 1 
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into the foundation of their 


reputation, tends much to retard che pro- 
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neceſſary introduction to che principal | 
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the opinions of others, however great their 
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| PART FIRST. „ =F 

| yF=8nc the centrifugal force mares with / 

gravity, or with the weight of the — 

body, when on the ſurface of the earth. : 

T = the periodic time, or time of a revolu- 9 

| tion, in ſeconds. : | 0 48 

= the time deſcribing AE or AC. a 

s = 16 feet, the ſpace through. which a boar 

falls in 1 ſecond. 

q = 3.1416, the circumference of 2 cirele, 

when the diameter is 1. 


In the leſſer cirele 
d ad the diameter. 
v =ac the velocity. if 
a = ae the central force, dc. 
. 
ft the time of a revolution. 


Every body in motion endeavours to move 

in a ſtraight line; the force which cauſes it to 
leave that line is called the centripetal, and tjge 
reſiſtance WOK it affords, the centrifugal force. 


1. Ma body at A, moving towards B, is drawn 
to c; BC repreſents the centrifugal force, and AE 
the centripetal force, which are equal, and as ar 
is to AC, ſo is the centrifugal to the PG 4 
force, or circular velocity. 


2. From the property of the lads, 
yer) a 
As AD: Ac :: AC: e 
1 AD | 
2. n 


v 5 285 
: . „ 4 And 
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3. Ava in equable motion it will 55. 

As the time of a revolution is to the cir- 
cumference of, the orbit, ſo is any other time to 
the ſpace paſſed over in that time; 5 or ſo is 1 
ſecond to the velocity per ſecond. 


Vis. As 1 Dq: ep! =» = v. 
And by cubſtitu ting 4 for its equal 40 * * 


i 142 ; . 

we have, As * — : . — ax =» As 
yt e N 
Or, As D: v:: V: AE A. 


4. Alfo, As 1 28:2: * : ; 8þ* „ the FEW | 
through which a body near the ſurface of the 
earth would fall in the time p. 55 


5: Then, . compare; the. e foes 
with the gravity, or 3 of the IS 
body, which put = 


It will be, As 8p* : AE + | 3 


Or, As - N e121: PA 
Or, ; As 8 | 


When the central force i is equal to as wk 
of the body, . = 1, and p. = n if 2 
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Theo. 4. D =- =— - 


: For, A As Dq: v (ac): d : v (ac) = ==; 


_ 
Hence, As v: v:: : F:: 


AR FIRST. 1 
From theſe proportions » we obtain f the fllow- #4 


Theo. 2. v = AD = = = Vrbs. 


— 


s 8 V D : J 9 0% DIV OR. 
Theo. 3. 7 = A= 2 292824 
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6. If two bodies, in different circles, revolve © 
in the ſame time, the velocities will be directly 
as the diameters of the circles. (T =.) 


0. i 
d ? 


and, Arve vio = Un v. = 


And, As AC: AE :: ac: at = 


„„ 
Or, As V: A:: v: a - 


From which it appears, that, if the times are 


equal, the central force is direQly as the diameter. 


7. If 


ave, As F: f:: 
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the ſame circle, are reciprocally as the ſquares 


| „ If v+ * %, thi 
Therefore, As D 
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8. If the diameter remains the ſame; or if 
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„( PART FIRST. 
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| Theo. 13. d= 7 ; when the times are given, 


Ny r O®- ur i NO Ns 1 


Theo. 1 13. * 2 4 when 12 diſtances are 
given. „ . — 5 
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oy - a o 


1 | The foregoing 7 "Tu exempl fed, in the felutie of 7 


various Problems in circular motion. 


| PROBLEM 4. 5 


Given the diameter of the orbit, 10 feet, and 
he centrifugal force equal to the weight of the 
revolving body; required the time of a revo- 
lution, and velocity per ſecond 7 1 | 


In this caſe, 4 = 93 and = Ger Arts 5) 


'In Theo. 3. e > 


* e 
. 1 

8 2.4818”; and yr Theo. 20 12 ks "5.4810. 

— A5 d 5 . 55 


PROBLEM 11. 5 


e PI time of a > nes. 3 nn 


4 central force, 13 eee * diſtance, and 
W 1 5 | 


* 95 8656 = 8 814.59 
feet; half ot which | is the diſtance, = = = 7-295 feet 
my ” 


= Vie = 1g. 55 


oN In. 


Given the dlambter and periodic time, to find 
the central force and velocity ? 


125 m- 590 == 


— = 


| Ao 
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2 = 52 = = 15. 279 feet. 
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PROBLEM 8 „„ 


Given the diameter, 14-59 feet, and the ve- 


locity, 15-279, to find the aal time and 
central force? 
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3 ſeconds; 


Given 
force equ 


T=9 


Y az 


force? 


2*1214". 
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PROBLEM v. 


e diameter, 14.50 9 feet, the 


to twice the wei 
What is the velocity, and time of a revolution? op 
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I 1 


ba 


PROBLEM VI. 
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F 


. 
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Or if we compare this problem with the laſt, $ $4 
we have (8) | 
As 
2.12 &c. 
And, As r 
2 1 279 * A 
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central 


4 


= of 


2FDS = 21.6074 feet per ſecond. 
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Let the diameter be 29.18 feet, (twice 4 
much as in Prob. 111.) the time of a revolution 


required the velocity, and central 5 


eee, 


t of the body 5 T 


wa 
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SE 
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- 93 * 8 
« a xt * 1 
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TM © (ar. 6.) 4 57 * A 30-657. 
1 Viz. As 14.59: 29. 18 27 1 5.279 3045578: 
Again, As p: 4 :3 17 7. 


force, the fume 5s JE 
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| PROBLEM. . 


The e on which they grind table 1 


ſurface is at the rate of 1250 yards in a minute, 
equal to 326 revolutions ; required the centri- 
fugal force, or _ res which the tones 
have to burſt? % farting 3 ak 


a5 * 
2 


98 1 het the diameter of the circle of 


percuſſion. og oy | | 
25 n ſeconds, the time ak one e revolution. 
= di33e&.- ©. 5 
= 123 PTE 2.44 * 9.8696 3 245818 
N r JG'K 338 #6” 254169 44. .45 


times the weight of the ſtone, « or 22 tons. 


£5 4x 


FROBLEM vill. 


* 


If a fly, 12 feet diameter, and 3 tons wiheht, 
revolyes in 8 ſeconds, and another of the fame 
C | weight.” 


As 14.59 : 2 29. 18 25 1 = the cemrifgal _ 


at Sheffield, are about 44 inches diameter, and 
weigh about half a ton; the velocity of the 


* 
* 
. 
*. 
* 
F 


11105 e =: PART FIRST. % > 
co weight revolves in 3 ſeconds; what muſt be the 0 . 


_ diameter of the laſt, when oy have the ſame - 
| centrifugal force ? 


Wi D = 12. 
11 1 28. i 
7:0 y = a | 0 - 
1 33 
T4 j N the diameter of the dike of percoion, | 
1 
„ 1 
1 15 5 N. B. As the weight of each fly i is the ſame, 
he it does not enter into the ſolution ; but if the 
15 55 diameters ſhould be the ſame, as in the net 
14 | Problem, the weight muſt be confidered. * = 
1 | | | | | ee a : 1 
; N = PROBLEM Ix. 1 5 
r If a fly, 12 feet diameter, revolves in 8 ſe- 
1 conds, and another of the ſame diameter in 3 
5 1 what is the ratios of their weights, 8 
* when the central forces are equal? 2 
1 | > Here, 1 =, and D = d, which put = AY 
ft | Ion (Art. 8.) when D = d, we have, As “:: 
:r:f; A89:64:: {ne Bins , "ts cen- 
e 3 force of the ſecond, when they are of : 
equal weight, | 
11 | | And when the diſtance and time are the ſame, | 
1 the force is directly as the weight; the weight 


. 00 CENTRAL FORCES, e 
of the ſecond will therefore. be obtained by „ · 


"—_ the us of the firſt 7 7 The 


| 1 N 


| | PROBLEM WE, 
10 a fix. 2 tons weight, and 16 feet W 


is ſufficient to regulate an engine, when it re- 


volves in 4 ſeconds ; what muſt be the weight 


of one 12 feet diameter, when it revolves in 2 


ſeconds, ſo that it * Dave. hs: ſome pou 
upon the engine ? e 


Here, we have, 3 1G; 1 12; T.= 
:t=2; Si ſuppoſe d upknown, then, | 
Theo, 12, d = = = = 4» when the weights 1 are 


equal, viz. if the firſt is 16 feet diameter, and 
the ſecond 4 feet, their centrifugal forces would 
de equal; but, by the queſtion, the ſecond is to 
be 12 feet diameter, therefore, (whether it re- 
volves in a circle of 4 et or 12 feet, the time 
1s 2 ſeconds) As v: d:: 7: % (Art. 6.) viz. 


A84:12::1:3=h ba = 1 0 queſ- 
tion, hence, the central force, an 


and the ſecond fly 2 to be one fl 
weight of the firſt, = 7 = 134 cyt. 


Or, the two laſt Problems may be ſolved o. 
therwiſe, 


In Prob. IX. Let 10 the 3 of the firſt 


fly = Sz tons. x = the weight of the ſecond. 


SS 7 And 


/ 
+ 


of conſe- 
quence, the weight, is three times too great, 5 
m d of the 5 


* 
1 
_ 
7 
FM 
4 
a 
! 
. 1 
_ 
: 
| 

: 
1 
1 
4 
-*Y 
4- 
1 
: 


| EE, Viz, v is as D\ » = or N 


. Pant FIRST, 


= HE = 4216 — 90 ewt. = 5 as before. ; 


i Prob. x. we have. 9 Hee = =4= 4.44 2 6666 . 


= 131 nod 1 


bl 


i i 
* 


"PROBLEM x1, 


If a caſt-iron fly, 12 feet diameter, and 2 tons 
weight, has a ſufficient centrifugal force to re- 


gulate the pin ſhaft of a forge-hammer, when it 


revolves in 2 ſeconds ; required: the weight of a 
fly, of the ſame diameter, that ſhall have the 


ſame force, when it revolves in 4 ſeconds? 1840 


1820 t=43 b d; r=f; and w= ay. 


hence, == = x = the weight ſought = 2 = — 


. 


8 tons, or four times the weight of the firſt. 


N. B. When the weight of the 3 


body and time of a revolution remain the ſame, 155 


the central force is directly as the diſtance from 
the center, or as the diameter of the wheel; 
(ſee Theo. 5.) but if the weight increaſes with 


the diſtance, or diameter, (and in water- wheels 
it often increaſes in a greater ratio) then, the 


centrifugal force will be as the ſquare. of the 
p*g* | 
. 


PROBLEM 


And (Art, mn we have, Pw = 4%, and te 


— 5 : * 
= = _ 
it ST 


f 


MM Wo CRNDRATIPORCES. 2 
| pron 


q 'Let 1 gal force of a wheel 6 tet 
diameter, and that of another of 1 feet din- 
; meter, be equal, or, in other words, let the 
i impelling power be the ſame, and the flrſt re- 
Mg volve in 5 ſeconds j required the tims in which 
[8 the ſecond revolves? ad Rado, Ds as 


bs A u is x | 1 1 ie ily 


Here  =f1 D=6z 4815 and 1 S 5. 
By comparing Theo, | 3. with the note o 


Prob. x1. we get i= ==: = 10 ſecon ab. \ N 


: G * * _ R N. ws 
vb ' e „ „ T3 a OD 41 ? 4 


1 4 


PROBLEM. XI. „ 43-bit 


: Let the two wheels revolve. in the ſame. time; 
required the ratio of the impelling powers, or 
the central forces? EO 


wy 
- — 
Wo + 4 £4) "iy 4 * 5 : * N. 


0 0 


(See Art, 6.) As 1 D*:d :: e. 


13 9 of oO” » 


Let "= = 1 and 2 == 2 4. 


much power as the 6 feet wheel, to turn in the 
ſame time. 0 a 


| : | 3 Obe, 788241 fm 221 bos, 5 ED 
| : F =D: , and /d; Or, 7595 I * 438 ! y 
As r 2 36: 14425 1 e, 


Wo RAISING inn; £3 | PROBLEM 


#4 


1 (OH 1244 i; * ; i 


Viz. the 12 feet wg requires four times as 


«a 


\ 


14 rar rnsr. 


PROBLEM XIV. 


its weight 2 tons, the time of a revolution 9 
ſeconds; the diameter of the cog- wheel 10 feet, 


weight 12 cwt.; diameter of mill-ſtone 6 fect, 


weight one ton, time of a revolution ſix-tenths 


of a ſecond; required the orgy force of Y 


the water - wheel, cog - wheel, and mill - ſtone ? 


” In the water-wheel, D=n;r=g; va. 
40 ont. And r 7 =22 = 3.65 0m. 


1296 — 


In the cog-wheel, = = 10 T=9; W=1% / 


and E = em . 


. | 172 


In che e D 4 (the dametet of the 
Archo uf PR) T=.6; w= 20. And 1 


_ ogy 3 
r 2 77 yo 


Water-wheel a 46 £3 o:/ ab 
Cog-wheel 55 . 5 N < Ot. 
Mill-ſtone » 2 n= 13. 00 


————— 
Centrifugal force of the whole » 141 56 S 
7 tons 1.56 cwt. 


* 
} 


In the above computation it i e „that 
che trundle, which turns the ſtone, is itſelf turned 
by the cog - wheel, its diameter therefore could 


Given the diameter of a. unter - heel, ia feet, 


0 


not be more than 9 inches, for which reaſon, it 


bn not taken into the computation, 


ſtones turned by them each 5 feet diameter, an 


asin the laſt Problem, is = 4.56 cut. 


divide 2.25, the time in ord the latter revolves, 


oN CENTRAL rener 1 
uon v. jo eb 


Let the water-wheel and cog-wheel be. Go 
| ſame as in the laſt Problem, the diameter of the 
trundle a. 5 feet, its weight 4 cwt, and on the 


ſame axis a cog or ſpur-wheel 10 feet diameter, 
and 12 cwt. which turns two trundles each 2.5 


feet diameter, and weight together 4 cwt. the 


weight together 36 owt. ; required the centri. 
fugal doe of the ol? 44 6705 


Tho central force of the water ond cog-wheel, 


Load Hb: 


The diameter of the cog-wheel, being divided 


by that of the trundle, quotes 4, the number of 
revolutions that the trundle makes for 1 of the 


water-wheel, =1 turn in 24 ſeconds. 


And we may take D=4 of 2.5 = 1.66; T= 


2. 


2.25 w HS And E = A 4% 
cut, the force of the trundle, 


In the put. wheel, D = 103 T = 325z WS 
12. And 2; x * = = m en . 
force of the' ſpur-wheel, 3 


11480 


The ſecond trundle, or nut, will . tice 
times for the ſpur-wheel' once, therefore, if we 


* 


„ rar FIRST. 9 
by 4, we ſhall have the time in which the un- 1 | 


dle and ſtone revolve, = = +562 5 ſecond. | 


2 1.661 1 . 86251 . And E 


7 2 4 277, which doubled, gives 6 5 54 thy: 
force of the two trundles. | 


'1 


trifugal force of both mill-ſtones, = 234 ewt. 


Force of the water and cog-wheel 4. 30 
Firſt trunddðe 404 
Spur- wheel 14.6 
Second trundles - »- = nuts 6.554 
—Mill-ſtonme - = 234 


Central force of the whole . 50.118 evt. | 


It may be obſerved, that the power which 
turns the wheel, or wheels, when applied in the 
| ſame manner, has always the ſame ratio to the 
' computed central force, and if a given power 
produces the forces computed in this Problem, 
the ratio of the power to turn it round, in any 


other time, is caſily obtained, as follows: 


PROBLEM xV1. N . 


What power, compared with the laſt, 
turn the wheel | in 12 ſeconds? | 


"= 4 
2 _— — 
3 


. 4 
- Laſtly, for the force of the ſtones, we _ oF 
D=3:33; T . 86261 w 18. And + EN f 


y = 117, which, multiplied by 2, gives the den · 5 


3 
- = 


Rc 
'£ . ah K* 
. 4 £-— =" 
* — {GS === 


== 
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3 SEE 


8 
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00 


en erur nal vonens. e. 
| Por Tes. 10. nr nt 1 


Viz, Au 19 260 1140 440 or „ 
every 2 glb. in the firſt caſe, 140lb, wil be 125 
ficient | in 90 ſecond. 


Ly 


Ohr dato, on the aan of water required to 
produce different WO in the Jams TY or | 
train of wheels, Dey 
It has been FLOW ET (lee Theo. 5. ina 9. 

and Art. 8.) that in the ſame wheel, or wheels, 

the force is directly as the ſquare of the velocity: 
via. if a weight, ſuſpended by a cord coiled ' 
round the axis of a wheel, can turn that wheel 

10 times in a minute, it will require 4 times as 


much weight to turn it 20 times in one minute, 1755 


or to communicate à double velocity. But if 
the power is a given ſtream of water, the caſe 
will be different. : 


Suppoſe a ; wha!” is. na. 10 times in a mi- 
nute, and that every bucket receives gallon of 
water (or any other quantity) if it is turned 20 
times in a minute, a bucket can receive but half a 
gallon. Hence the ſtream muſt be doubled to 
| ſupply every bucket with a gallon. But they 
ought to receive 4 gallofls each. Therefore, the 
ſtream, when doubled, miſt be multiplied by 4» 
or made 8 times as large as at firſt, to ſupply 
the buckets with 4 times the quantity : ; conſe. 

„„ 8 een . 


cube root of the quantity of water, when | it acts 


105 5 rar FIRST. 
8 the thlecky of the whed will be as * 


— 5 2 SY ks 2 r 
%. - 24 1 8 FAT ne Fs x 
FT ISS SR SS be ION 
: r * 
. & - 4 = * 
: 5 
2 8 * 
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PROBLEM XVII. 


If a given quantity of water turns che drum, 4 
&c. of a cotton - mill 5o times in a minute; what 
quantity will be required to turn it 40 times 
in a minute? 


Here the velocities are as the number of turns 


made] in a given time, viz. as 50 to 40, or as 5 


to 4; the cubes of which are as the quantities, 
of water which produce them, viz. 5 x 5X5 
= 125, and 4 x 4 Xx 4 = 64. Hence, for every, 


125 hoglheads in the firſt caſe, 64 will be ſuffi- 


cient in the ſecond, * + 1 1 


| PROBLEM xviII. 
If a given quantity of water turns a wheel 6 


times in a minute; how oſten will it de ned 


by double the quantity? 


The velocities being as the cube root of the 


quantities, or aa /i: J., viz, as 1: 1.2599: 
and as one degree of velocity is to. 6 turns, ſo is 


1.2599 to 7.5594 per minute, the number of 
turns — 


A TREATISE | 


A TREATISE ON MILLS. ._ +5 
enen, e, Ne.” 
ro INVESTIGATES THE VELOCITY OF A MA, © | 
CHINEz THE RATIO OF THE POWER AND | CY 
RESISTANCE BEING GIVEN, 1 
78 1 | 
. , ; f | „ 
| PROBLEM 1. e 
Lo, eee 3 
LET a weight a be ſuſpended at one end of 0 
a cord paſſing over a wheel, and a weight, or „ 
reſiſtance, &, at the other, to determine the © 
ſpace paſſed over in a given time. 5 
It s evident that a + * is the quantity. of: "hs a 
matter to de moved, and that a — x is. the | 
moving power. LY oo L * 


Da: «Ü·Üð.J axes | = 


_ . nn 


fallen through by a heavy dach in one e Sera 


which the 8 x endeavours to deſcend down . 
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2 EXAMPLE. 0 \ . F , „ N 
+4 . * ) * eb * * * . 8 15 * ko 
( 8 . NN * * a3 23.8 


Let à 103 ** 53 s nous feet, he ſpace 2 A 3 9 


* 


= the ſpace ſought. 8 3 


Not taking the weight 4 the 2 5 into the | 
expreſſion, we haves J Ls Nh 7 
— «ap 
As 4a ＋ K: 4 -* 22.8 = the pace YN 


paſſed over in the ears ſecond 55 time, by the I 


-moving bodics, = RE A — feet. 4 fe 


23% 

T0 F 5 8 

+ * 

1 3 4 WR 

f 3 

. n 
* * ** 


: PROBLEM Er. 


FIG. 111, 8 ke 
Let W. and x be t two bodies ned by a 5 


4 Ih 4 


cord ; w hanging perpendicular, x ſupported... 
by the inclined plane; required the accelerating "8 
force, and the ratio of x to W, when the effect : 
is the Freateſt, - = o — 


Put FE = a | De pa < $465" * 2 
s = line of the e or clevation. e 


Then as the radius oy is to © the fine of the. 
angle of elevation, ſo is x to s, the force with 


* * = 4 P nd ta 7 7 py 
* ; * - , 3 ” "64008; * . nm M4} e 
v , T1924 * Ty T% * * ') „ E 
* n rar * e * 1 1 7 9 Nin * wp LON an nen 1 * 885 » 
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1 And: as the ſum of their forces is to the. dif. . 


ferenct, ſo is the force of gravity to . 
rating force. e Rf BP Gn: <9 Tu e 


4 

\ K 1 

2 - * 
891 
5 2 6 d 4 F 8 1 1 9 * *.& 1 8 1 : > 3 — 
? ; , 1 „ 1 5. « © x g * 6 : * 1 . 
5 p 29 4 99 . « of 
"\þ 


Viz. * 10 . 2: 01 Þ 1 (che force of: þ „ 
gravity) : 2 : the ſpace afſed over in 2 . 


given time, compared with gravity, or with the . ; : : 4 
ſpace paſſed over by a falling body. be Os Sn Eh : e 


3 « » 
, # 4A . 
A * $ 8 2 


, « 
„ 
y * 1 6 
. 5 . 


The: greateſt effect of w will be when the mo- 4 : N I; 5 
mentum of x is a maximum, which will be „ 
by Te the velocity by the quantity. „ 5 


— 
A 9 


„ 


Via. . - * maximum. ee 12 8 = 


F 4 * 

* 5 ; A 

. w- on ; 

* 4 , . , 
1 100 * 6 I 0 - 1 o 
. — 4 ; ® 7 k N ; PR * * » 
"\ , £ R Y Thus, * * % * 5 * b 

4 * 8 p ; N . a ; 
$ , 4 * ! s * ks 7 
& vans X * 2322 » 
0 . % * 
% 4 *h 7. 7 55 ; ; 5 


G .. che momentum, and muſt be Foc SR 
% 


2 maximum by the queſtions in fluxions | id pr NS 
WH — 25XX X X"W ＋ ir — IK X Ws — * = 0, —Z— 
from which we get 5*x* + 25wx = w ; by — V 
pleating the quare, and extracting che at, ese 49 
W . | a ; ; ; . 
Let w = 10% « = ſhe natural fine of 30. 
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Lands = i u. 1 „ 


wh C *: cb — K :: ee, 
city of w; and as Ac: BC :: 5: 4: : the velocity 
of w: the velocity of « STE which mul- 


; 7 „ 2 3 : ; 25 23 8 Fr 7 
3 
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f E 
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Wiz = 28. 28, be which fubtrae — 4 
and we have 8.28 = x. In caſe of a pally, = = 3 


PROBLEM 11. 6J2ͤũ 
FIG. Iv. 5 75 1 


Given a weight w, ſuſpended. bi a wheat; 4. 
required the weight x, ſuſpended from che n * 
when the effect! is a maximum? | 


0 bz 72 16 os | 
the velocity of x = 1; and as @: b:: 1: „„ and | 
when @ = 1, the velocity of w = b, 4 (rants | 
mechanics) the momentum of w will be = wb, i 


and that of x a, or x; when a = 1; therefore 
wb + x = the fon of the momentums, and as 


wh + x 


tiplied by x gives its * SE ww - 


which ar be a maximum. 


. prop III Ly „ 
m_ =o, and þ** — bus — a- = bun | 
i from which'wo find « = bw'x'/3 "i 


— 


1 


Sy OT SOR” 


_ ſum of 5 momentums = = f= = hos 


for /, FR vr + buy S 2 


n 


on VELOCITY. or one 


| bu : viz. if buy is multiplied by the ſquare root 
of 2 (1.41421 4) and. bw taken from the product, 
the remainder is »; or if 1 is taken from the 
| ſquare root of 2, and the remainder. (41421 4) 


is multiplied by * the product is c. 


9 
. A 


Note, Whether we . velocity of . 
or the velocity of x, by x, to obtain the e 
tum, the value FR * will be the fame. | | 


* 


— Let. v = the velocity of So by 
As 8cvith! = = the velocity of w = by 


# 


* when 4 = = 1, and 7 25 = the _—_ which applicd 
at 3 will balance K, | heace OP is the accele- 
rating force . and vr Þ+ > "tf * by = the 


| of 
+ bfo = ===; end by dane wo 


1 


=, and v = 


7 


r the ame as before. 


Again, the fame notation — ＋ 3 8 5 


power which balances x, and = 8 the acce. 5 
krating force at , and ＋ * = the whole | 
| CES or en. Jon 


bw /FFb 


and 6 are equal, yet it varies a little-when they © 
are unequal. And the effect of w although, 2 
maximum, will vary with the ratio of a: B 
for inſtance, if w = 10, 4 = 1, 6 = 2, the 21 
momentum of x will be 2.0204; but if b = ro, © | 
the effect will be 2. 382, and if 5 =; 196, x will” 2 

be found 498, and its momentum W | 


and we have Nerf for the foree N By. RO 


multiplied by * Fires Pe for I 2 
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"$4 + * Nr. 
— 5 4 in 
. — ” 4 * Y 7 
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Mathematicians f in general hae eſtimated the: 1 
forces of moving bodies by multiplying the 
quantity into the velocity, as in the firſt and 15 
ſecond ſolutions of this Problem. The laſt ſo=. + ! 

lution is on different principles, except in find. 


ing the momentum, where the accelerating force 


is. multiplied by the quantity; and though it 


gives the yalue of x exactly the ſame when a 


If any 8 of the font terms a, b; w, x . 


given, the fourth may be found, when the eg 


is the * as the following 1 


5 N 
4 4% N. 
| t 3 
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5 2 * 
4 910 : 
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Then, Theo. 1. * = a= ; 


| „ ä 
mes. . 4 8 0 
e ==; 
ng | * 2 
9 We” LU _— 5 
The two following W give the ve- 
locities, whether the effect - be a maximum ar” 
otherwiſe, | | 
Theo. 2 5 2 CES = en of 20. | 
55 * 
Theo. 6. v=— 7 * 7 * = velocity of . 5 
If the e thus fongd be multiplied dy ; 
16, the product is the number of feet pailed over / 
in the firſt ſecond. 
| . „ 
Given 45 b, and w, to find- ** 
Le 23 5231 10 S 10. Then, | 1 43 
(Theo, 5) e == IXOX Gaia. - | 
| = PROBLEM | 


"ot. renz S 


PROBLEM Ve. _ -— 


Given a, b, and 4, to find we? 


- 


Let a= 10; b=12; and « = 20. 


Theo. 2.) w == = — 43. 
( ) ro: "us 7 9765 : 23. 
PROBLEM vi. = 
Given a = 1, x = 100, W = 203 required | 
b, the diſtance of ww? | 


(Theo. 4.) b=— = Tag .. 5 


PROBLEM VII. 


Given ww = 100, 5 = 10, * = * 5003 ; required | 
* the diſtance of x? 


PROBLEM VIII. 


The ſame terms yen, to find the velocity 


of w? 


b — as 1000 — 414.21 
. ) v= 1 ＋. ax 1009 + 4 21 ©" 


| 1 2 — 414 * 16 = 6.6274 feet the firſt 


— 8 ae 


In 


65 iber e 


in the e table; the power W, remains 
the ſame; ; the weight x, varies with the diſtance 
of w, and is found by the foregoing theorems; 
and the ſame power in every example produces 
the fame momentum, viz. the weight x, multi- 


plied by its 3 me M 4526, which it can 
never exceed. | 


| FABLE 1. 


No. 9 SY Ie velocityof & | momentum of,} 
L LEE 7 por | 2 | 10 |. 6.6274 - |.. 27.4516 +.| 

2 11| 8.284] 2[io| 3.3137 22.410 
"3 [r| 12.426] 3| 10] 2.2591 T. 27.4516 

4 [116.568 410 1.6568 27.4516 
Cn [ioſioſ Þ6627 [ 27.4516 _ 
6 [182.84 21 2 E Tow 


-- Vox: if the As of 'x 20 is increaſed, the mo- 
mentum of x will be diminiſhed. 

For example, "jo a, x, and MY be the ſame as 
in No. 1 of the table, and let ö = 2; then v 
wh — 


| —_ = 10.5088, which divided by b, gives . 


$42 544, the velocity of *, which multiplied by | 


x, gives the A — 21.7637, but i in the 
table It is 27. 45. 


Let 4 ac * be vi as in Table " 
while the power w remains the ſame ; ; the true 
momentum, coniputed from the given term, is 
always leſs dan the rhaxinium, except No. 2. 
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would vary alſo. As for inſtance, where a 
wheel is impelled by the force of a given ſtream, 
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The greateſt ſpace that w can | poſſibly path 
over in the firſt ſecond is 16 feet; but if it has 


any reſiſtance to overcome it muſt fall ſhort of _ 


that ſpace, and that more or leſs as the circum- 1 
ſtances may be: and if the reſiſtance of the 


machine is not taken into conſideration, the ef- 2 
fect is a maximum, or the greateſt, when the 
momentum of the power is to the momentum of tbe 


wager at 10 to 4.14214 ; or as 7” 10 29, nearly. 


In the above bens, the accelerating force wo, [ 


compared with gravity, always is as the differ- 


ence of the weights to their ſum, or as the dif. i 


ference divided by the ſum. 


But if the ith power, or force, acted ac- 


cording to any different law, the ratio of the 


power to the weight, in caſe of a maximum, 


and which force varies with the velocity of the 
wheel, 
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wheel, viz. it is always as the ſquare of the v. ve- 


locity with which it ſtrikes the wheel, as de- 
. in MO next Rain, 
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| PROBLEM IX. 


2 the power to be the impulſe on a | 
ſtream of water upon. the floats 1 a. heel 


Lov the quantity of water. be tte * 1, 
and the velocity by 1, theſe multiplied together 
give the momentum; let the velocity be dou- 

dled, and it follows that the quantity will be 
doubled, for while the aperture remains the 
ſame, a double velocity muſt diſcharge à double 
quantity: hence, the momentum will always be 
as the * of the velocity. | 
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Let v2 „el of the dream. n 

«= velocity of the wheel. 3 

y — x'= velocity with which the ſtream 
ſtrikes the W 

And v will be the fore with WRT the 
ſtream impels the wheel; this multiplied by the 
velocity of the wheel, gives the momentum 
thereof; and when the effect! is es it n 
be a maximum: hence, V — xl. N * 2 * 
maximum. | 


And Si — 4Vxx + 3 = 0 
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Hence it appears, that when the velocky of a 


wheel, which is driven by impulſe only, is one 


third the velocity. of the ſtream, the effect is the 
greateſt, and the power is to the reſiſtance as 


9 to 4. 


In the above proceſs the weight of the wheel 


is not conſidered; hence, the force acting upon 
it may be- conſidered: as the weight, which mul. 
tiplied by the velocity, gives the relative effect, 


or momentum, and the concluſion is the ſame 


as if w had been taken to repreſent a weight, 
which, ſuſpended from the wheel, would dalines | 
the impulſe of the water, 15 


m örder to eſſimate the force of a ſtream | 
upon an underſhot wheel, it has been common 
to take the area of the ſection, and. depth, but 


this method is exceedingly erroneous (as will 
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appear in the third-part of this 3 and per- 
haps we cannot, from any known principles, 


independent of experiments, compute: the trus 


force of a ſtriking fluid; we muſt therefore pro. 

ceed with the relative force, which is as the 
ſquare of the velocity, while the aperture remains 

the ſame; but if the depth remains the ſame, 
and the aperture varies, the force is — as 

the area of the to Yoga 
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# 2. Then v - = 32. effects of the 
# = 3. Then V- A = 25. different velo. 
# = 4: Then FA. = 16. | cities of the 
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PB, ſo that it may, by its own weight, Juſt 10 
lance the end AP, and weight wy? 
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The momentum of rn is max, chat is, the 5 
weight multiplied by the fluxion of the length; 3 5 


in like manner, the momentum of AP is max, 7 
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(= + PC) — = the diſtance | 


of the center of gravity of cB 7 ER the prop v, | 


which multiplied by its weight, mx — mz, gives 
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upon by « power (from t property of the lever Wo 
which is to that ang ut 8 6 5e mew 441. * 0 


ſtill the ſhins ratio j of conſequence the power 
would urge the weight through the, ſame ſpace W 
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directly as the diſtance when 5 moves equal 
faſt, or when the angular velocity is the ſame; 1 
and the power being the ſame; the maſb muſt bee 
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: In theſe examples, the maſs to be moved ien 


M Increaſed by increaſing. the power, as it makes 
NY part of the maſs: but in computing central TY 
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brations are performed in the leaſt time. poſſible; _ 
or when the diſtance of the center of oſcillation + 
from the axes of motion is a minimum. 
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two-thirds of its length from the top, when it üs 1 


ter of oſcillation is at the bottom, or lower end, 


ſuſpended at the top; but if the bar is ſuſpended 3 
at one-third of its length from the end, the den- 
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time. The center found in this Problem Would 
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Given, the length of a beam, 20. feet;.. its 
weight, 2oolb.; a weight, w. =- 6olb. at one 
end; and a power v, = 100, at the other end; 
it is required to aſlign the velocity of v, which 


initial ee force. » 9 8 


is equal to that of w when the beam, equally. 
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7 Vll de the fame, or equal tb that Which 
i would have — falli 
: 1 ; . ab che true ies. N — 5 4 | 
i cumſtances, we [muſt correct the — 
by city, by experiments. "And in order to fat, 
„ myſelf of the-accuracy of thoſe made by ohe 
I; I have taken the trouble of making a confidbbible | 
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by a body falling through a ſpace equal to ha 


the depth. But this muſt be erroneous ; as the 
obſerved, or real relocity, can never exceed that 
aſſigned by a juſt theory, en it does exceed 
that aſſigned by this theory, but from impedi- 
ments, may be expected to fall ſhort, more ar 
leſs. When I began to make experiments, I 
wiſhed, as much as poſſible, to get clear of theſe 


obſtructions, &c. ; and, from the recommenda- 


tion of authors, 1 began. with making the aper 
tures in plates about z>th. of an inch thick: the 


reſult. of which is contained in the following 
Table, where it appears that the obſerved velo- 


city, at the depth of 8 feet, falls 4: feet ſhort 


of the computed.—l, afterwards, tried various 


forms, all of which gave more water than the 
thin plate. But as i view was to obtain the 


greateſt velocity, 1 ſhall take no notice of any 


but the cone, which 1 found to be the beſt. 


This I made of braſs, about reth of A foot... in 


length, and the top diameter about twice as 


much as the bottom, or aperture. The ſtream 


diſcharged through this is remarkably different 
from that diſcharged through the plate. This 
appears like à piece of cryſtal glaſs, to the di- 


lance af ſome ag more or leſs, according to 
9429 | 0 the 


ITY G [ING WATER, 1 85 
From the experiments ds by ſome authors, 5 

it appeats, tliat the velocity of effluent water is 

much leſs than aſſigned 15 the Newtonian the. 

ory: ſo much leſs,” that they. have concluded 1 

velocity ought to be the ſame as that. e 1 


- - - 


* 


2 


—— • 


9 


a —— 


rr 
** — 


— 


—— — — —— 
a ö * 


r 
1 


oe ST 
* 


JR 


- 
— may 


— 
— 
mm 


K 


— 
* ” .. A 
— . 
xp * * 


* 
A ea ES AC ana * . 
* 


— n Es: 
- r . INES ET EPESCT 


HARRIS OD 
n 
n 


PIR 


— 


CC ESR r — _ - 
I 2E CBE —— pg mp 
* 


2 
* 2 
—— 


— ge. 


— — 


5 + ® = 4 — f N | 2 * 
* A 
F . 0 
a N A . FI Wis 
SASSY INTER 
* mY ** . * 
3 
5 1 8058 % 
* o 1 4 * » 
K 1 8 4 T% S ye 
1 . o > FE 


below the aperture as obſerved. 2 flow 
through a thin plate; and the chte velo 
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PROCESS, 1 
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The aperture was firſt bored near thaw ws 


tended ſize; it was then finiſhed with à piete 


of hard ſteel wire, one end of which was made 
like a ſquare pyramid, and the other fixed in 
the ſpindle of a lathe. The wire was afterwards | 


broken into a' number of pieces, which were 


placed cloſe to each other on a diagonal ſeals, 
and the ſum of their diameters obſerved ; they 
were alſo. meaſured by a ſcrew atlcrogtotetia all. 
the different pieces were meaſured by ſeveral 


gentlemen, who never differed ſo much as ,vmth_. 
part of an inch in the diameter of a piece. And 
from the velocity of the water through the dif- 
ferent holes, or thoſe: made by different wires, 


I have reaſon to conclude that their diameters 
were all mealured to the ge Hogroe' 5 : 


accuracy. 


To obtain the quantity diſcharged in a given fim. 


AAn aſſiſtant cloſed the aperture with a finger, 


till the tube was full, and held the pendulum of 
a half-ſecond time- piece with the other hand; 
82 8 removing both hands 3 at the fame inſtant, 

f : the : 


„ TT... + 4 
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the eat Sk r as ir 20 conve- 


nient, (by a conſtant'ſupply, the head of water | 


was always the fame, during the experiment) 
and was ſtopped at the end of any wo rs 


to the grenteſt 9 of ee 


To find the velecity—The water Abel | 


was weighed, reduced into cubic inches, and di- 


vided by the area of the aperture, in inches; by 
which the length of the Gus: FU out in the 
whole time, was known, 5 | 


Eeperiments ih the ue SOS in a * 5 
about 0 of an inch thick. | 
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The following experiments, were made b he 
Abbe Boſſuet; his reſervoir was 3 feet on 
within; the orifices through which the wate 
iſſued, were matte. in a braſs plates, about 
of an inch thick. 3 
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dto the fix firſt 


In Engliſh meaſure, the 


experiments is 12.5104 feet z, the computed; ve · 


locity 28. 296 feet; and t 
in NEAT! 174 feet. 88 Bs: 
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- Idraulici, a nnn was 10 
high, od 4 feet ſquare within, and · had 
- openings at different diſtantes below: the top. 
It was ſupplied by a canal 2 feet- wide, 
bottom of which was. horizontal. The water 
ran into a eiſtern, whoſe area was 289 ſquare 
feet, of an uniforni figure, and the quantity 


was meaſured by taking its height in this 
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In the firſt mph; the 134 3 to 


Engliſh meaſure, is 5. o49 feet, and the com- 
; puted velocity 21.4 feet. The quantity run out 
c | in 10 minutes, in French męaſure, is 46 3.604 
cubic feet; the area of the hole is .0625 feet, 
by which divide the quantity, and we have 
7416. 06, the feet run out in 10 minutes, which 
is equal to 12.36 French, or 13.175 Engliſh* 
bert, in one ſecond; or, the true quantity is to 


the 


| 542 10 4 
370 11 ö 


made by this author, 


the computed, 
ſame reſult is 
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In the firſt Gurren ne in Table "EY 
| the velocity, or quantity diſchary ed, is ſomething. 
greater than in the following rables, though: the 
orifices. were made in flat plates; this is owing, 


to the form of the lower part of the tube being. 
the fruſtum of a cone, and the plate being half 


an inch in diameter. In the ſix laſt experi- 
ments, where a cone is ſubſtituted for the plate, 


we have the velocity conſiderably. increaſed : ſo 
much as, at the depth of 16 feet, to fall only 


2 feet ſhort of the computed velocity. But if 


the laws of hydroſtatics aſſigned no greater ve - 
locity to flowing water, than that which would 
be acquired by a heavy body in falling through 
half the depth, we ſhould have an effect pro» 
duced without a cauſe. For the velocity at the 
depth of 16 feet ſhould be, according to that 


_ the fame as a _ would ny in falling 
| through: 


through” 8 feet, ot "24. 627 feet pai 
whereas it is, in fact, 30 feet. And whatever 


advantages 1 may have taken, iu reſpect to the 
form of the containing veſſel, this alters not the 


preſſure of the fluid, or the laws of _— 
but tends to | remove rg PID: 


* 


But vas theſe alike” we. are "not: to 


conclude, that the velocity of water, us flowing 
through orifices made in large ſurfaces, is in the 


ſame ratio. Sir Ifaac Newton concluded, that 


the oblerved, or real velocity, was leſs than the i 


computed, in the ratio of 1 to the ſquare root 
of 2, or as *o 4.414} the Abbé Boſſuet, a 
100 to 150; and F. D. Miebelotti, as 5 to 5, 
Kc. — The quantities in the foregoing tables, 
reduced to the ſame eee ſtand. as. 
bales” RIES $0 x0 e e e TO 


| . e * 707 ie 7 

1 Boſſuet —— — 615 ; he 
Banks %% é ü 
Michelotti Fe - 6a 5 75 | 
 Helſham » « > « > 705 ee 
nn — © e Nan ; | 


_ 4.933. 1 
Mean = TY 


Bofſuet xnd'Michelotti have made experinients 
"I the largeſt ſcale of oy I have heard of, 
P 


though. 


7 $ * v . 
„, Let 1 


the laws Proporyon for wy, other depths. 


root of that depth, aud multiply it by. 5:49 WHIP 


of dne BART; THIRD... 0% FF | 
though 40 do 108 give the greareſt pats ity's 
yet they were both agreed with Sir Iſaac in * 

method of computing it: hence, they could 


be biaſſed to favour a different theory. —If * 
take the mean velocity of the above experiments, 


we find it to be V of the computed; or 5 


ratio is as 53 to 8: viz. at the depth of a foot, 


the actual veloeity from them is 54 feet, and in | 
10 * 


4 Nr 


„ Yi. 
| Given the depth 6 feet, to find the ee! | 


Let d = = the depth, in BAY Pants wi is 
5 S the velocity en r 


Then, . 67 x 8 V = v; 2 2.440% | 
which x = 1 13.163, the required den 


When water is diſcharged through perpendb | 
cular ſeQions, the velocity at che bottom will de 


ſomething greater than at the top of the orifice, . 


but if the depth or breadth of the orifice be hut 

little, compared with its depth below the ſurface' 
of the dam, we may take the depth of the 
center of the hole for the mean. depth. view i 
ſenſible error. | 


| W 
. Meaſure the 5 in feet, owtradt 4 | 


4 giver. 
' | 85 e 


: ſecond 


tiplied by 5:4, gives 170748 ſeet \ > the velo 


have 39. 84 cuble feet {ond ſecond, 


' VELOCITY -OFFLOWING WATER. way. = 
; the velocity in feet por fecona ga birmuttiplied | 
a» hag: of the' orifice" in feet, gives thi mimtbier 
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571 ah K. eee, etre t 
3 . 
Let "the depth, be 1 10 feet, or Mah * the 


orifice 7 inches, and its HR length 4 feet; 
required the IP} he PE HE. 


11 
hee ads it; 18h 


The Were root 7 1 10 lu, 3. 164, which mul- 


per ſecond.” The area of the orifice 1 1220 by 
24 feet, by whjch mhltiply the velacity,” 10 


{ 121 5 idus des 2 


If the breadth of the orifice is great, eom · 
ared with the head, we muſt cofnpute the y 

bey at the top and bottom, and fine the x WW 
of a are Tx I. In a Lage 


2 Ae 


f time. 6 


4 . . 


19 Wo 06 e 
Oben tbe 4 perpendicubi IG orifice 
2 feet, its horizontal length 4 feet, and ſts top 


1 foot below the furface of the water in che dum; 
to find the rte diſcharged iti one ſeeond ? 


a deen 1s Sh ec ee 


See Ng. x2; where 5 is the Turface- of the 
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will de found by 'multiplying the velocity at th 
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orifices eee et b er Y 
10 is. the axis of a parabala, ac and do br 

nates which repreſent the velocity of flowing | 
water at theſe diſtances from the vertex; we” | 
have, therefore, to find. the area of the ſectſon 
400, which will be done by finding the yy 


of pps, and dedukting that of nac pen 1. 05 . 


e jt 


Fut DB = d, ac =a, 60 , Th 2. 


2 JF 


Then the area of 309 = = =, 8 , and that of nag = 


dad Jes 


vy the above rule, the velocity. at the top is * 
gt the bottom 9.24, and the area required 
14-82, which multiplied by the length, 1 
$9-3 cubic het per ſecond, 


Of the guantity of water d 1 PITT" Mi | 
or notches cut in the fide of a veſſel or a. 
a open at the top. See Fig. kx un 
If the tries is WET TY 50 9 60 1 2 

and the velocity below increaſing with the ſquare - 


root of the depth, then the area of the perpen» 


dicular ſeQion will be u part of u parabola, and 


bottom by the depth, and taking two-thirds of - 
the product for the urea, which again multiple“ 
by the breadth of the notch, gives the quantity 


+ 


theſe multiplied together, produce 28.84) — 


times fc 596075 e mo 
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Lai the depth: ee . 2 


he breadth. 0 Wor Wig eee een 
out in 46 ſeconde ? 
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5 * 74 ; T4 [1 {£4.75 * 80 3 i K . 


The depth in feet I8 » 


+6455, which multiplied. by 5.4 x3, =.3-6, | 


gives 2.3238, this multiplied by 4160, the 


depth, produces: g6925, which being mukiplied 


by the breadth, half a foot, or: 5 gives . 464 in 
feet per ſecond j this multiplied by the time, 46 
ſeconds, gives 22 269 cubie ſeet. The n 
* in Table v. gives 20 cubic 


4 ve 4 1 1 þ , b 75 
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| For another Example, eee 


e fig 
Let the depth be 34 inches, the breadth. 


inches; req quan 
in 93 feconds P' a * 


Is 


wy 
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td 7 | de 05 
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12356. n 


Then, A6 cuble feet per — 2 
this — 48604, 18. AV 1 
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ſeet ; more than the enperiment by ad feet; 
1421 —41 the depth of inch, the 2 


'$ " 


os; Paw 1 "OC 3 

guamiy it 18. 7 eubic feet, but by — 

periment it is 20. Alſo, through a notch wing 

ſquare, the quantity, as near as can be meaſured | 

by experiment, is 8.6 cubic feet, and by com- 
pomtion'only 7. 3. From which compariſoni t 
A, appears, \that all the experiments have not been 
* equally accurate. In the above method of eom - 

puting, the furface of the water is ſuppoſed to 
de 'without motion ; this is not ſrigtly true * 
any cafe, but more eſpecially. in rivers : though 
the deviation from e in ſtill water, | 
not great. And if we wiſh to take the rio” 
of the ſurface into the computation, we may 
proceed a8 in finding the quantity which _ 
"__ an orifice you at the ſurface. e 


\ l 30 ? „n 
Let dhe velocity of the ſurface. Ws 


will =] = B, the head which would produce” 


that log, if this is added to the W. k ot the 
notch, » Ball have the rats... core, 


rd $4v/T— f the area f 


the ſection, which multiplied by the breadth.of - 
the ſeQion, gives the number of cubic feet mT. 
nl. 5 
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1 foot, the depth of the notch z dw. 
1 foot, the waer v =-1 foot and ſecondy | 
b= v ® 04s 034. i IG AN * IG 40 dee 


a | W : 0 
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1, 
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1 82 
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the area; or a 


8 4 9 


ond; or 1-034 * 3.4 „ir 1 x {317993 
+1 Eras no a 


which multiplied by b, the —_— IN; * 
eubie feet per enn, e een een 205 wee 


teh. 47 Rin 7 0 


In this Example, by e the OR of tle 
ſurface to be one foot per ſecond, the qua 
run out in a ſecont is one-tenth of a cubic foot 
more than' it would have deen had the ſurface | 
been — withoin motion. n 
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0. the inpulfo fre me eur, 


The preſſure of water, upon a given A. 
is directly as the depth, whatever: may be the 
figure or magnitude of the containing veſſel or 
reſervoir: but the velocity-is as the ſquare root 
of the depth, and the impulſe: as the ſquare af 
the velocity, or as the depth. In addition to 
the demonſtration Mready: givens! 1 * N * 


aue e eee e a ey * 
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1. The Jepth of the water may ea 
as the power which project or iwpels the flo. 
* ſtream. 
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W and deſcent through 6 feet in 26 ſe - 


conds : ſo that the power in 125 n 85 wholly 0 


exerted in turning the R 


' The numbers dey * afling « on he fm 
are obtained by multiplying the radius of the 
| cylinder uſed by the power, and dividing by the 


radius of the fly multiplied 10.5. For example, 


No. 12; the radius of B is 2 inches, which mul- 


tiplied by the power, 4 on., gives 8, which di- 


vided by 84 (10.5 * 8), the radius of the *. 
the -quatient is 09 52, and ſo for. the reſt. 


7 The riduty of the weight of the fly.in into A 

ſpace it has deſcribed, are always as the force 
acting on the fly: that is, when the power em- 
ployed is, by the above proceſs, reduced to the 
fly, the effects are as theſe powers, whether the 
fly be heavy or light, or whether the circle it 
deſcribes be karge or ſroall, 


The ſpace paſſed over by the a5 f is ae 
by multiplying the circumference of the circle | in 
which 1 it moves, by the number of turns. | 


The reinive ey Is. the ſpace reduced to 


leſs numbers, by diviftion. 11 855 
„„ 5." SE. 
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The —— forces are as by ith 


theorems in the firſt part; but here the num. 
bers are not any real meaſure, but comparative; 
for as the velocity is conſtantly increaſing, ſoisthe _ 
central force. At the end of the time, the true 5 


centrifugal force, in experiment 12th, is nearly 
17 times the weight of the revolving body, of 


63 Oo.; and the true force, in ounces, at „ 
end of the other experiments, will we had „ 
; apy: that in the table by 34 e — 5 . 


When the ner B is uſed, the NI WY 8 | 


locity is always the fame; as it - is alſo when a is 
uſed (except No. 18), but is twice as great as 
when 3 is uſed, or the revolutions are eperformed | 


in half the time. 


; 
"es 3 


When the power, BY diſtance at which lit is 


applied, increaſe with the radius of the fly, the 
angular velocity will remain the ſame, No. 12, 
and 18; for 2 feet of cord uncoiled from a, will 
produce as many revolutions as 6 feet from 2 3. ſs 


— * 


1 velocities are as "the 3 roots of the. - 
powers which produce them, or the powers are KY 


as the rares of the velocities, No. 12 and 7 


When any number of revolving bodies, * 
multiplied by the ſquare of its diſtance from the 
center, have their products equal, by a given 

5 power, 


; - 


_ re da” 
g . 82 


pF F 4 
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power | equal mp velocities mk de e 


| * 0 13 "4s Tous 


_ Pk Y K 4 
X . g ; Kh ih 2 1 * 0 32% 
e 5 F , 14 
t * * 2 8 re BY 9 „ x. , * 


. 


Ha 2 Niren Gower communicates: à certain ve- 
locity to one quantity of matter, twice, thiice, 
&c. that power will communicate the ſame ve- 
locity to twice, wing dee. chat quantity 5 mat- 
ter, No. 13 and 1 %ͤñ [ö[1⁵16 
If har . of a 8 hads; and' time 
of a revolution, remain the ſame, the power will 
be as the ſquare of the ſhoes, No. 34 and ys 


The centeifugal forces: are as che impelling ; | 


powers, when theſe powers are applied in the 


ſame manner, No. 13 and 17; for the radius of 
the cirele being the ſame, the forces are as the 

ſquares of the velocities, or as the powers which 
produce them. See ann e Irs e Fart 5 


Experiment on Water-wheels. 
Ef FIG, XXVII. i 


ABCD is a water-wheel with W the 5 
circumference is 5.6 feet, or the diameter of 
the circle paſſing through the center of the 
buckets is 20 inches. By turning a ſcrew, this 
wheel may be taken, off the axle, and one of 
2 different ſize put in its place. The og heel 

7 8 5 may 


ä K 2 — —— 
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Et 1 


may alſo. het ee at p e ae 
Wheels or trundles on ths ſecond axle, hie * 
are turned by the cog- wheels. On the en 8 
axle, is another cog-wheel, with 84 teeth; i Wo 
turns an upright ſpindle, with 8 teeth or leaves 
on the top of this ſpindle is fixed a fly, the | 5 
weiglit and e of which e oe wafied us 
pleaſure. e 8 "NI < 7 5 - * KD 


En, 8 110. x KEV. e 
| | 1 . : 3. . 
Abe 0 FF is; ned into e 4” 
the index 1 makes. one revolution while the. 
water-wheel makes 60. The index t. is fixed. . 
on the axle of the water-wheel, and therefore 
makes the ſame number of revolutions: th A A 
plate G6, over which it moves, is divided into © 
10 parts. There is alſo another index, not vi- 9 bi 
ſible in the figure, which makes one' revolution 
while the water-wheel makes boo. — By „ 5 
and a time- piece, to meaſure the minutes and 5 7 
ſeconds, &c., the number of revolutions, made,” 4 | 
by the water-wheel, in my given Jin, map} 


eaſily be known. 


93 
" 3 
= * , 


* 
5 


Tue water if conveyed "ri che ck N into % 
the trough n, or into the veſſel E, which bas 

three apertures or Nluices at 1, 2, 3; theſe aper!“ 
tures ate ſo adjuſted by trial, that when * I 
veſſel is filled to Fe, if any one is Wr 157 . 
will 


care to r tho ſurface. Soups hems — TT 


couragement to diminiſh the head for the fake 


| EXPERIMENTS © on: waves > -WHEELS. | | OY 
will diſcharge the water cxaQly as wat as ir F 
ſupplied dy the” cock; fo that che water 5 
upon the wheel both by weight and 1 
The ciſtern | which ſupplies the cot : 3 
kept equally full; that is, b wy hy fl F 


by a pump, and mh: perſon who works it w_ 


; BYE by 08 


"y 
Fu ” PI. 


- ON” rA APFLICATION or waves. $8 adi oj 
2 * þ, Hy . 7 : 26% F 
o this ſubject, there have: been 1 various TY oY Rn 


nions ; but opinions unſupported by theory or „ 
experiment, claim little regard. At whatever - ; „ 

altitude the water might be applied to . on 
it has been the practice with many to diminiſh | 5 
that altitude, in order to obtain A head, as it has 


been ſuppoſed that the impulſe produced by that 7 Ning 

head would have a greater effect than the water 5 

by its gravity could produce, if thrown inte e 
| buckets immediately froni the ſurface. And no | e 


doubt but it is owing to opinions of this kind, 5 
that the water, which might be applied at ths „ 
top, is often cauſed to ſtrike, or fall upon tze f 
wheel, about 45 degrees from the vertex.— The RE 
following experiments, which have been often © 
repeated, both in public and Private, and with 1 
the greateſt accuracy and attention, give no en- . 3 3 
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nee che effed 3 is, Sette 3 th | 1 el I | 
city, its ſquare, or its cube, every thing remain! 
ing the ſame, it will be granted, that hens . 
vheel moves quickeſt, the Vater is 1 — % 
the e e e e, e 1 5 


> Pupartalcnt 1. The nila; No. 1, is 1 
che water ſtrikes the wheel near the bottom, ane” 
acts by impulſe and gravity; the head is ons 
to the diameter of the wheel. The velocity. of |. 
the ſtream is 6.5 feet per ſecond; the waters. = 
wheel makes 60 revolutions in 7 minutes and 4 


ſeconds, or is turned 8.2 times | in one ami 1 5 5 
i 2 1 


Expertinent 2. The fluice No. 2. is „ 
the water ſtrikes the wheel near the center, ane 
cauſes it to revolve 60 times in 3. minutes 1 
57 n or 15.19 times in a minute, 


4 * el 


Wo? 
Experiment 3. The len No. 2. is but and - 
No. 3. opened, the water falls upon the wheel, | 
with impulſe, at 45 degrees from the vertex. 
The wheel revolves 60 times in 3 minutes and © 
28.5 ſeconds, or 11. in a minute. 
| 8 4. The water is danbe pes ines 
the trough n, from which it falls upon the ver? 
tex of the wheel; 60 revolutions are made in 
3 minutes and 1 e ſeconds; or 18.46 in a minutes 7; 
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lutions for 1 of the vater- wheel, its weight was 


| Experiments. 


5| No. 1 
4 


4 oz. and diameter 13 inches: The comparatite 


velocities of the water · wheel or fly, will be as ; 


of 


tn the following nable ye have the whole in 5 
one view. | 


Fred #* a 
M5. 


nr I 


0. 1 
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2 
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5 mw 
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11 
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ee 
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55 Tant m. 


the number of turns made in a given time, or 
as 3.45 15-199 a ak: 18. ae 75 


4 : 1 * - 
111 "1 1 2 1. 


1 


per 


— 


. , $ 
t 


| 5:2 1 
15. 191.85 
12.26 •1 
18.42.25 


319 
362.5 
387.62 


25.17 


172.21 
7 12 7 


26.911. 


| 8overſhot 


— 53 ROE 


1168 |11. 

323 2243 
373-325-932 
8.400 (27-77 


4 1 
7.69/1-92 


9.5225 


* In nb — experi. 
ments, the fly revolv 


J 8 inches. 


42 times ſor the water 
ENT IP | 


9 No. 1 
107 8 


rh: 903" 


- [12joverſhot 


3.051 
. 3802. 9 268 
7.28 
222273 


18.61 


324-2{22-51 


128.10 8. 501 


2.380305. 721.2367 


In theſe, the radius | 
the fly. is 8 inches, 
weight 12 02. 3 revo+} 
rn 


PP GS EA 
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13] No. 1 
I4 x 


5.8 2.72 368 


134.80 9.360. 
1 4 


2.1 1 
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The be abo 
nee OZ. 3 revo- 
3 00 1. f 
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In the abars four ſets of experiments, which ; 
are ee e, a * quantity of 


nn . 
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.. ˙ Ü—ͤlt. Ras: Ps > arg wer BR. 
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tions When applied at the top of the wheel: 
The ratio of the revolutions, when the water s 
applied at the top, is to the revolutions whe 5 
applied at the quarter, nearly as 32 to. 30, or © 
| 16 to 15. For, in the firſt ſets. As 2.25 5 2/1: ; 
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water produces the greateſt number of /re 


T 
16: 14-9- In the ſecond ſet, As 2:38 : 2.22 ” . 
16: 14.9. In the third ſet, As 2. 53: 2.38 57 Ac 
16 : 15.05. In the fourth ſet, ** : e 7 


0 IT 


"Pins theſe one it appears, "un By 


bey 15 revolutions when the water is eie, 


at the quarter, there will be 16 when the” Ken 
is is applied at the TP, of the wheel.” „ 


2 xperiments on'a whet 10 the neee 
The water applied at the top produces 60 turn 


in 4 minutes and 25 ſeconds, but when appiins + 


to the quarter, 60 turns in 4 minutes and FL 


ſeconds; the turns per minute in the firſt caſe _ 


are 13. 58, in the ſeeond 12.32; and As 13. 3 


1 14.51, the number of revolutions, 
when the water is applied at the quarter, for 16 


when it is applied at the top, or a given quantity 


of water in the overſhot produces 16 turns 


the water-wheel in the ſame time as-it produces | 


* 


14 when applied at the ner. 


Three quarts of water 1 a minute, laid —9 , 
the 0 of the wheel, turns it — times in 6 mi- 
nutes 


Y 


IMENTS, ON ; WATER WHEELS. CY 


nutes nd 45. ſeconds ; four quarts. ſet on at the 


quarter produces the er number of revolutions 
in the fame time. And if the weight of the 
or the ratio of its revolutions to thoſe of the 
| water-wheel be varied, yet the ratio of the quan- 
tities of water to produce the ſame effeds 1 ur "the 
ſame time remains the fame. | ENT OR 


Experiments i on the ene. of heck. 
In theſe expefiments, the effect is l 


Wo be 8 


or eſtimated by the number of the revolutions - 


which a fly makes in a given time; and although 


this is not the true meaſure of the power of the 


water, (part of it is exerted in turning the 


wheels), yet it is as much fo as the revolutions | y 


of a mill-ſtone are the meaſure « of the effect pros 


duced by the water; and that velocity which a = . 
wheel has when a mill. ſtone makes the a 70 
number of revolutions in a given time, will cer- 
 tainly be conſidered as the beſt. It may be ob- 
ſerved, that theſe experiments are confined to 


wheels on which the water acts by gravity only, 


and that the buckets are ſuppoſed to be large 
enough to retain the water till it comes near the 
bottom of the wheel: for if the buckets loſe part 
of the water as they deſcend, the wheel, in its pre- 


ſent conſtruction, is not doing the moſt work. -In 


the following experiments, the quantity of water 


was always the ſame; the water wheel made 60 
„ ET revolutions, 
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f minute was co \mputed., CO OT OI es 
2 & 3 2 e Na Y / 85 e IF 5 


Vis 


£4 "IP 1.008, 00 61 * N. & 77 rl * N. 74 aye: 2 271 4: 7 


l in * era 
revolutions, and, ſometimes 1 more; the time” 5 85 


obſerved, from Which the number made in 


* 1. 7 i 4 * 7 "2 Jas , * I 4 4 * {4 4 4 
1 Y N ad 5 * * 33 


„„ "PIES 


8 order 1 to. o vary the velocity 57 the wt et. 7 
Wheel,” it becomes neceſſary that the ratio of its 
revolutions, to thoſe of the fly, ſhould alſo vary, = 


| which is effecled * e ſome of the e 5 


5 ' 
* 
1 


* + » 5 . 8 ' 


Experiment 1 1. The water is 2 at 7 


itop in this and all the following Spee 


under this head. The wheel makes 15.36 re. 


volutions in a minute, the fly 21 for 1 Bro 5 
1 5. 35 „ 21 2322. 56, the number of revolutions 
which the fly: makes in a minute, - 2 85 ny 


* * ? * 4 1 1 * 4 1 . A 
3 F „ ; i ö ; ' * 4 - FX PTC . 
7 . 


EA xperiment 2. The water wheel turns 12.6 5 


times in a minute, and the fly 28 for 1 — 
the oy ne 3 38. 2 dme per minute. | . © 


. 760 
f 

» 4 11 
86 


Experiment 3. "The fly turns 44. 6 times + for” 
the water-wheel once, which is turned 7.67 time 
in a minute; of conſequence, the by revolves 
342. os times per minute. 335 ͤͥð ”]nꝝ 


Eupen 4. The fly makes 59. 5 turns for 3 
the water-wheel 1, and the water-wheel turns 
-6.02 times in a minute; the fly, thereſorss turns 
358. 19 times Per minute. i ek 


4 * 
\ 0 , 1 1 


* EXPERIMENTS. on WaR. WHEELS. N88 

8 But perhaps theſe four experiments, with e 
| ots made with a different fly, may appear to 

more. e as called in the e table, BB 


I ” * * 4 \ . 
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iments. 
when 
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burns equally faſt. | | Fe 


Experi 5 
urns of the water  - 
heel gong : 


C4 


: Turns of water-wheel : 


; feet, when the 
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clocity of 
wheel, 
in feet. - 
one of 
wheel. 
Turns. 

of 

_kets. 
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28.125]2 62 [137 369.1 1485 3.11024 1.166.244 | | 
18.18 [1.69 [a1 381.8 1.98802 45 15 1.47 [1:4 5 : 

15.58 [1.45 |25 389.5 2.317.299 |[|1:606|r 666] _ | 

12.57 [1.11 313 [395:62-863[2.14/\:10 [1.926|'.933} . 

100 9 5288 42 (400 3. 8122 | 7:4/2-4 | 7 

| | 71 f 402.9 4.7321. 90 6 2.8.56 
12} 6.4 | 59 63 403.4 LL 1.82 5 - 13.368} .466 
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The ſecond column ſhews the turns of the © 
water- wheel Por una, as found by experiment. 4% q 


The third 1 bs found . the ſecond: For ex- 
ample, in the firſt experiment, 15.36 multiplied ee 
by 5.6 feet, the eircumference of the wheel, 

gives 86.016, the feet paſſed over in a minute 
which divided 1 955 v6; e feet Nes ſecond. e 


1433. 


* * 
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if. Alx FOURTH. 


The b column is known from the whees, 
made uſe, of. 1 0 


The fifth is the 80 of the ſecond mult | 5 
plied by the fourth. e 


7 


The fixth bens the ratio of the {unity Py, 


water hanging upon the wheel at once, which "oy 


always inverſely as the velocity of the whee : for 


inſtance, the wheel moving with a certain degree 


of velocity, every bucket receives a given quan · 
tity, but if the wheel moves twice as faſt, a buc- 


ket can receive bur half the quantity; or if s 


wheel has half the firſt ſuppoſed velocity, T bue= 


ket will receive a double quantity. Otherwiſe, 105 
ſuppoſe the wheel moves 6 feet in a ſecond, and 
that a bucket receives 10 gallons; then, if it 
moves but z feet per ſecond, a bucket will re- 
ceive 20 gallons, or if 2 feet per ſecond, 30 
_ gallons, &c.- In the fifth experiment, the wheel kf 

turns 36 times in a minute; in the ninth, but 


12.57 times: hence, inverſely, As 36:1 rere . 


of water: : 12.57 : 2.863 times 15 a 


By increafing the velocity of the ay, 3 . 
with that of the water wheel, we have, in the 
laſt experiment, near 6 times as much wan 5 


upon the wheel at once, from a given ſtream, as 
there is in the fifth experiment, in which the fly 


} 


laſt, 403 times. e 


IRS 


0 


if 


is turned 315 times in a minute; ; but in the 5 


k * 
* , 
* 

In 


1 


315 revolutions of the fly in one minute; and it 


appears, that by increaſing the velocity of the 
fly compared with that of-the water-wheel, that 
a leſs quantity of water is ſufficient to produce 
the ſame effect, or the ſame number of revolu- 
tions of the fly: for in the laſt experiment the 
quantity of water 1 8. not half of that ùſed in the 
4 , 


: fifth, though the e 


a are the ſame. 15 


The eighth cls contains = number of 
revolutions which the water - wheel makes in a 
15 minute, under the different ehanges of wheels. 
in the communication of motion to the fly, when 
the fly itſelf makes the e nn, of rovolu- 5 
en N „„ 


The ninth colinty: exhibits the: comparative 1 


quantity of water hanging on the wheeliat ne 


: when bene reve YO „ 


Tue tenth is the velorlty of 'the'1 er wist, 


in feet, when the fly has the ns velocity i in . 
the . 15 


The five following 88 were made 5 


with 2 wheel of 1 11 inches e 5 


| EXPERIMENTS on WATER WHEELS. rae 


In the ſeventh column We have the quantity 5 
of water 'as found by. experiments to produce 


_ 7 


large and ſmall wheel. It is true they are not 


The ſpeed of he whe a being” diminiſh : 3 


ed, the revolutions made by the fly in a given 8 8 


time are increaſed in number, both with the: , 


increaſed in the ſame ratio when the velocity 6 
much diminiſnhed, as in the eleventh and rw Ih 
in Table firſt, and again in the ſixteenth and ſe- 
venteenth in Table ſecond, but this is owing to 
the buckets being overloaded, ſo that they loſt 
a part of their water too ſoon, and of conſe. 5 
quence the effect in the two laſt experiments „ 


OY. 3 Eg EE 5 : 


8 >» 4 
on oe oe y 
2.2.20. Bo EA 


not much increaſed. But if the buckets retain. 
their water till they come near the bottom, it 


appears, that the flower the water-wheel moves, 
the greater its effect will be, provided the motion 7 
continues to be equable. See Prob. XXXAVIIL. . 


Y 


| This may alſo be proved by ehillog age by 
a cord coiled round the axle of the water- wheel. I 
The 


* 


"The. fats OV "Me bis ; SEED 
ments, in wv} 


ich the 255 of the water-wheel 


is gradually diminiſhed from the firſt'to the laſt; 8 
but the clfe& in the laſt is the Sen lt. SR. is 
E 1 [Tine of bug Þ Velocity, or feet : N 
f wy ” 6 feet. per ſe bond. * 5 0 
© | To find the velocity per ſecond. As 57:5 5 | 3 
2 fect : : 17. 1043 feet; and As 62.4”; 6 * 1 
1 . as feet, and ſo for the others, The: 8 
N effect is obtained by multiplying | the velocity 7 1 
0 thus found by the weight raiſed, as in the feſt - . 
7 cxperiment, lb. multiplied by 1043. gives 33 
1 0521, the effect; and in the ſecond, 1 Ib. mul 3˙˖* 
miplied by -0961 = = .0961, and in the fame man- [ot Oh 
ner the effect in all the other experiments is W 
8 obtained. In the table, the effect thus found . — 
. multiplied by 100, or the decimal. point is re. 5 
3 moved two figures, but the ratio is the fame. | e 
N II it was PE to nd the weight raiſed in a OY 
” given time, ſuppoſe 1 hour, it would be, 4: = e vp 
5 time riſing through 6 feet is to the weight raiſed, 


* * 
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communicate double that velocity, or to turn the 
| wheel twice round in the ſame time. And for. 
any other quantity of water which may be ap- 


fois n 3 to the ener of times which t the 4 
wacight wad be raiſed TRE the x BY SORE 1 52 


1 ee Fg As 97.5" 2 4 lb. 455 ag 255 
hour) : 31.304, Ponds per hour. in" the wi, 


experiment, As 69.5” : 1. 5 Id. :: 3600: 77%, 5 
pounds me hour. In the ſixth experiment, 


As 117”: 4 bb. :: 3600” : 123.08, pounds 1 5 


hour. In the ſeventh experiment, As 142": 
J! 3600 8 75695 pounds oo” hour. — 4 oo : ; 


Which experiments ſo ths, * in x conjundtion | 
with thoſe made with the fly, prove that by di- 
miniſhing the velocity of the water wheel, we we 
increake the mn 3 95 


On the Faber communicated 10 ; Wheel, 5 di + 
ferent quantities of Water. 


Sec page 17,—where it appears that if a a given 
ſtream produces a certain velocity in the wheel, 
a ſtream eight times as large-will be required to 


plied, it will be, As the cube root of the preſent 
quantity is to ene degree of velocity, ſo is the cube 


root of the other quantity to the velocity it wt 


Produce. 
| The 


kx RI * 


be kiucdr of the rig vill po pred we 
the following: ws run 3 | 


oi ps 


vic. xxx. 


Pieces of. bral were ſcrewed upon the end of 2 
the cock, and perforated, by trial, till the aper- 
ture was large enough to E the exact quan- 

a pint, a quart, two 


tity required: for inſtanc 
quarts, &c. per minute, and which Quantity 1 was 
aways applied in the ſame manner. 


Expecment 1. 8 pint of water per minute 


ENTS ON WATER-WHEELS. as. 


turns. the water-wheel 6 times in 13 minutes 


and 33 ſeconds. 98 | k 


\ 


it 60 tines in 10 minutes and 42 ſeconds; 
Experiment 3. Four pints per minute pro- 
duces 6o turns in 8 minutes 1 rich nn 


Experimina 4. Six ves per minute produce 


60 turns in 7 minutes and on Reed 


} 


e 5. Eight fag per minute pro- 


duces 60:t turns. in 6 minutes nd, 18 ſeconds,/ | 


$3 


In aw following ble we 1 in "ks firſt 


column, the quantity of water applied; in the 


ſecond, the cube root of that quantity; in the 


Experiment 2. Two pints: per minute turns 


* 


l PART FOURTH. | 
| third, the comparative yelocities as find: dyn 


experiments; in the fourth, the number of tum 


TE the water- wheel made 1 in a minute. 


% TABLE VII. 


— * 7 ; E 
OI E : 8 8 F 3 £ 
2 |E[*og lon [Lk | 
[ 8 2288 8 1 

. 8 "PS : £ EY ; 
[7 I | I of WW 4.42 

2 | 2 1.2599 1.267 | 5.6, 

3 | 4 | 1.5874 | 1.606] 7. 1 

4 | 6 | 18171 | 1.859 8.219 

5 |3la [ig [9-55 


The number of turns per minute is obtained 


by direct proportion; for, in Experiment 1, As. © 


13*'23” : 60 revolutions :: 60“: 4.42 revolu« : 


tons, and ſo for the reſt. 7 


The velocity Is direaly as the number of ti turns =; 
made in a given time; and if in the firſt experi- 
ment it is repreſented by * in the ſecond it will 


be 1.267; for As 4.42: 1: : 5.6: 1. 267, and 
„ 2 35.740 £2006, * | 8 


— 


In the fifth experiment, the quantity per mi- 
nute is eight times as much as in the firſt ; but 


it may be obſerved, that- the load or weight 0 


upon the wheel is only four times as much as in 


the firſt; for as the wheel moves twice as faſt, 
| a bucket. 


e 6 
EIS" 


P 


% 


EXPERIMENTS ON WATER: WHEELS, 1 


i bucket: can only receive half as much water as 5 
it would do with the velocity it had i in n the firſt 


— 


- 


experiment. wig "> 


FAT 


oN "THE 812 or WHEELS, | 


Tas fall being given, or the greateſt altitude 8 


at which à given ſtream can be applied to a 


wheel, it becomes neceſſary, both on account of 
expence and utility, to enquire what the diame- 
ter of the wheel ought to be.—This may be de- 


termined: either by theory or experiment. 


Let us is ſuppoſe two wheels 9 57 1 
as e of one 20, and the other 20 feet, 


and that the weight is chiefly in the circumfe- 


rence, or 2s much fo it in one as in the other. 


— 


0 


Let the kame power be applied to the cir- 


„ of each wheel, and each circum- 


ference will have the ſame velocity; 3 hence, 


the time of a revolution will be as the dia- : 
meters directly, or in the preſent caſe as 1 to 2, 


or the 10 feet wheel will be turned twice for the 


20 feet once, as already demonſtrated in Prob. 
xiv, Part u, and proved by experiment in No. 


12 and 16 in Table II, page 128. In both ex- 
periments the power is 40z., and the weight of 
the 17 or wheel is the ſame; but in No. 12 the 


Xs „ rade 
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„% ran FOURTH. 8 
radius is 8 inches, _ the power. is 1 8 5 


the diſtance of 2 inches; in No. 16 its radius i Fs 
4 inches, and the power is applied at 1 inch: 
hence the ratio of the effects produced is ex- 5 
actly the ſame as if it had been applied to the 
circumference of the two wheels; and as hgh 
weights are equal, and they move <qually faſt, 


the effects are alſo equal: but their eros 
are not performed in the ſame time; for, in 7 
ſeconds, one revolves 61 times, and the other 
122, or the revolutions are performed in times | 
5 which; are as 1 to 2, as above. | > IS 


$ m4 _ bing ogy to turn a 1 0 


whcel, the velocity of its circumference will vary 


with the weight of the wheel, and of ene 
the time in which it revolves: for if one of the 
above wheels is made twice as heavy, it will be 
twice as long in making one revolution as it 


was before. 


| 


4. If the power is a ſtream of water, this vill 


vary with the velocity of the wheel. 


Suppoſe a 


given ſtream to turn the wheel with two degrees 
of velocity, then if the velocity of the wheel is 
but one, there will be twice as much water upon 
it, or in the buckets, as when it had two 4 * 
of velocity: hence, if a wheel of a given weight 
has a velocity of 4 feet per ſecond, one 4 times 
as heavy would be cauſed to move 2 feet per 


—— 


EXPERIMENTS on wa ER W HEELS. 1 


ſecond: by the ſame. ſtream (ſee page 112, and | 
124); not eee pe, . water as e un: the 
maſt to be e 3 E894 

| 5. 1 us e a e ob ates; ery 

at the top of a wheel 10 feet in diameter, and 
that it turns the wheel in 6 ſeconds; let the 
ſame ſtream be applied at the center of another 
wheel 20 feet in diameter; then it is evident, : 
that if every bucket receives as much water as 
before, that the large wheel will be twice as long 
in making one revolution as the ſmall wheel, 
and therefore by the ſame cog wheel, &c. cannot 
do the ſame work; and if we increaſe the cog· 
wheel in the ſame ratio as the water- wheel, we 


Stain no power by waking the wheel Rin 


The truth of the above i 1s confirmed by the 
following experiments. | 


Experiment 1. A given ſtream is applied ex- 
actly at the center of a wheel 20 inches in di- 
ameter; it makes 60 revolutions 1 n 4 minutes # . 
and 21 ſeconds | = 


e 2. The hs wheel is moved; 

(the cog-wheel, fly, &c. remain the ſame) and 

one of 10 inches in diameter is fixed in its place; 

the ſame quantity of water is applied at the top; 

and it makes 60 revolutions in 4 minutes and 

| 15 ſeconds. EF "oY 
| N 


„ „ 


* 


3 
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8 "PART FOURTH. 
Experiment 3. The water is applied at the | 
center of the great wheel, and in addition to 
the fly, one pound is ſuſpended from the axle, 
which is raiſed through 5 feet in 594 ſeconds, 
The large wheel being removed, and the ſmall 
one fixed in its place, every thing elſe remaining 
the ſame, the ſame weight is raiſed through the, 
fame ſpace | in 5 5 n. | | 


- * 


In the laſt experiment, if the great ice pro- 
duces the ſame effect as the ſmall wheel in the 
ſame time, the circumference muſt move twice as 
faſt, by which the power would be diminiſhed, * 
Sec page 1 37» &. | 

Experiment 4. A Siber is fixed upon the | 
axle, which has the ſame ratio to the diameter 
of the large wheel as the axle itſelf has to that 
of the ſmall one, or the axle is 3 inches diame- 
ter, and the cylinder 6 inches; the water is ap- 
plied at the center of the great wheel, and the - 
weight | is raiſed in 56 ſeconds. 


was the above experiments, except the third, 
there ought to be no difference in the effects 
produced by the two wheels, but what ariſes 
from the difference of the weight of the ſaid 
wheels and their velocities; hence the greater 
effects produced by the ſmall wheel is owing to 


its requiring a leſs force to turn it, independent 
of 


—— U 
—— — . 
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| EXPERIMENTS © ON: WA. — 5 WHEELS, ge i —— 

ak; the reſt of the machinery, than what is n. 

S ceſſary to turn the large wheel, or to cauſe it to 
reevolve in the fame time (ſee Prob. xiv, Part 11). 
: For if the wheels were of the ſame weight, and 
the ſame power applied to the circumference of 
each, the ſmall wheel would make two revolu- 

tions for the large wheel one. ; 


* 
hk $ of 
k . F 


on THE FALL or WATER. | Nene . 


Bu the fall; is user. the ds 
- | altitude, meaſured from the bottom of the wheel 
; to the ſurface of the dam, which, when the 
water iſſues upon the wheel at ſome diſtance 
below the ſurface, is frequently diſtinguiſhed 5 
bead and fall. 
The effect produced by a given ſtream 1 1 
falling through a given ſpace, if compared with _ 5 
a weight, will be directly as that ſpace; but if 
we meaſure it by the velocity communicated to 
the wheel, it will be as the ſquare root of the 
ſpace deſcended e 1 to ae ls 
of falling diane: E 


Exyericiatie' 1. 1 9 e Is ated to 
a wheel, at the center; the revolutions per mi- 
nute are 38. 5. 


a 
SS md > ow 


* 5 f wy or 3 IH 
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: Experiment 2. The ſame trek ee 
| the top, turns the Sri wheel 57 uber; in 2 
minute. n een 


IE in he firſt experiment che fall is FT 


in the ſecond it will be 2. Then, As TIES 


: 38.5 : 54:4, which are in the ſame ratio * + 


Gs ſquare roots of the pn fallen daran 
and near the obſerved velocity. 


y 


In the following experiments a 27 is cone dec 


| with the water. wheel. 


| " Experinient .- 3 The water is eld at 1 
center, the wheel revolves 13-03 times in one 


1 £7 x 
5 


1 4 h $ 3 os « 0 * 4 
vo $4 g 4 4 > - 
* * * 


minute. | ; . 8 BY. 


1 - k . © 
- » * y g 7 10] 


Experiment - 3 The water is applied at the | 


vertex of the wheel, 15 it revolves 18.2 times 


per minute. 5 


And As 13.037 18. r Virneny, | 


From the above we infor; that the cinta 


rences of wheels of different ſizes may move with 


velocities which are as the ſquare roots of their di. 


ameters without diſadvantage, compared one with. - 
-another, the water in all being applied at the top -. 


of the wheel. For the velocity of falling water at 
the bottom or end of the fall is as the time, or a 
the Aavare r root of the hone fallen thtough: for ex- 


4s 17272 tie time. 9200 * through 45 
n, let the fall be 9 fect; then, As x 


5 1.11 art and ſo for any other ſpace, J 
; in che ee table, where it appears . 
5 ter will fall through 1 foot in a quarter of a 
"i ſecond, through 4 Fer in half a ſecond, throng ff eng, 
| 9 feet in three quarters of a ſecond, and ORs: . es: 
| 16 feet in one ſecond. And if a. wheel 4” Oe” 
; feet in diameter moved as faſt as the water, it 46 1 
0 could not revolve in leſs then 1.5 ſeconds, nei: 
| ther could a wheel of 16 feet diameter revolve 
in leſs than 3 ſeconds; but though. it! is impo . 
fible for a wheel to move as faſt. as the ſtream — 
which turns it, yet, if their velocities bear be 
. ſame ratio to the time of the fall through their - -. 
diameters, the wheel 16 feet in diameter may 
Fo move twice as faſt as that of 4 feet. VV 
rials vu )( Dye) 
ranken LEY 
r | 
| 1 0 4 N 612 5 | | | 
3, $.) 4 : 
Y 10: 5 
ee 
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When different ſtreams of rater. projets 5 
equal effects, the quantities muſt be 1 
as the fall. For inſtance, if 6 cubic feet in 

falling through 4 feet produces a certain effect, 

3 cubic feet in falling through 8 feet "would 
produce an equal effect; or the quantity being 
the ſame, the effect will be as the 1 8 A L 
1 through. BEND | br 


* 


by obſervations : as for example, 


SEE. 855 Tn 6 corn-mill, „„ 


Suppoſe 4 cubic feet per ſecond, applied at f J 
the top of a wheel 13 feet high, will turn the 
mill- ſtone a given number of times per minute; oy 


x 
« 
N — 


The reſiſtance ded by mill. 0 and 4 
other kinds of machinery, cannot be computed 
from firſt principles. We can only aſcertain. We 24 


95 
. rar FOURTR: -" 8 


. - 


what is the reſiſtance of the whole, at the cir- 


cumference of the water. veel? „„ ue rs 


Let the wheel revolve in 8 1 chen will 


the buckets contain as much water at once as is 


delivered in 4 ſeconds, or half a revolution, via. 
16 cubic feet, or 10001b. But as this weight 


is equally diſperſed over one half the circum- 
ference of the wheel, the weight acting at the 


.extremity of the horizontal arm will be leſs; 


for the diameter being perpendicular, the center 


of gravity 1 the circular arch will be. 6366 of 
the, 


o k 
| \ 


" EXPERIMENTS on WATERHEELS. * 


the radius, from the axis; therefore, trom the n : oy 
principle of the lever, +6366 multiplied by tbke 
whole weight 1009 lb., gives 636.6, the weight. 
at the circumference, c or at the end of the ho- 
riaontal arm. NE | 
EXAMPLE. | 3 3 
Suppoſe the wheel revolves in 10 ſecondly, | 
every eng elle —_— the lame. 1 


In this caſe, 20 cubic "PO or 1250 Ib. or: 
water, is contained in the buckets, which mul- 2 Hi 

tiplied by .6366, gives 795.7 lb. for the power - $0 
at t the end of in horizontal arm. 


In the hoe examplei I ave fuppoſed that 
the buekets contain their water till they come 
to the bottom; and if the wheel moves from 3 
to 4 feet per ſecond, the buckets may be made 
of ſuch a form as to carry the water quite to 
the bottom, provided they are large enough, 
: when at the center, to hold near twice as much , 
water as is neceſſary to do the work; and if the 
wheel moves _ we will carry wy water 
too far. | | ; C 


The Men of impulſe and gravity compared. * 
From the experiments contained in the Table, 


page 114, i * that the impulſive force of 
Xa ER, + roms 


n PART > yovaty. NY 7 
fron; 4 is to the abſolute welghtiof the cds 
which impels it; as 16 to 10, or as 8 to % 5 


| nearly; from which we may eaſily compare the 
| Impulſe with the gravity of a given n Wk 


multiplied by 5˙4˙ 1 00 1 


For example, e eee 1 
Let the head be 4 feet, and the area of the | | 
fuice 1 inch; then will the velocity be 10.8 feet 
per ſecond; that | is, the ſquare root of the depth 


The ſolid content "of the be which imply 
the ſtream is 4 feet multiplied by 1 ipch = 48 
cubic inches, and its weight is 27.77 oz. The 


quantity per ſecond is 10. 8 feet long, and 1 inch | 
area, = 129.6 cubic inches, or 75 0. +14. 8 


The velocity of the wheel is one-third the ve. 5 
lacity of the ſtream, = 3.6 feet per ſecond, . 


page 29). And As 5:8 :: 27.77 0z., the whole 


weight of the column, : 44.44 oz., the en 


| ſive force upon an object at reſt. But, the 


quantity being the ſame, the force is as the 
ſquare of the velocity with which it ſtrikes the 


wheel, in this caſe, equal to the difference be- 1 : 


tween 10.8, the velocity of the ſtream, and 3.6, 


me velocity of the wheel, that is, 7.2 feet Poe: 


ſecond, Hence, As 10.8)* : 7.2: 22 444443 


19.6 oz., the impelling force conſtantly ane. 
upon the whecl. Or if the velocity of the wheel 
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' EXPERIMENTS: ON WATER:WHERLS, „ 
ſhould have any other ratio to the velocity of the 
ſtream, ſuppoſe 1: 2, or that the HE ewes half 
as faſt as the ſtream z then, As 10.8: 1 J:: 0 
4444 on. : 'F 1 o., a force ain upon the 


wheel. e 
g Bs bo the ene. 0 
"Let the W quantity of water be thibwn' 
upon the top of a ee ee 4 feet neee, 
The quantity per ſecond is 75 os. If the 0 
wheel moves as faſt as before, which we will 
ſuppoſe for the ſake of the contraſt, it will re. . 
volve in 3.48 ſeconds, and will at once be loaded 
with as much water as is delivered in 1.74 ſe- 
conds, viz; in the timg of half a revolution; 
therefore 75 0z. x 1.74 2 130. 5 o,, the weight 
conſtantly acting on the overſhot-wheel ; but as 
it is not all gravitating at the end of th hori- 
zontal arm, but diſperſed through a ſemicircle, 
we muſt, as before obſerved, multiply the whole 
weight, 130.5 on., by .6366, the diſtance of the - 
center of gravity in the ſemicircle from the cen. · 
ter of the circle, and it gives 83 0z., equal to 
the effect of all the water at the end of the ho- 
rizontal arm, which is more than 4 times the 


impulſe of the ſame quantity. eee 
EEE AITIS | toy 
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BXAMPLE 3 


Let the head be 9 ſeeks and area or the fic | 
1 r inch. Fen | | 


— j 
„ 4 
4 
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8 PART FOURTH, 
- Then, the ſquare. root of 9 x Pry gives thy 


velocity per ſecond, = 16.2 feet; and 16.2 KR§. 
12, gives the cubic inches per ſecond, 194.4 f | 
which multiplied by .5787 oz., the weight of 1 
inch is = 112.5 oz.; weight of a column g feet 
long and 1 inch ſquare = 62.3 0z. Then, Aas 


5:8 :: 62.302, : 99-68 oz., the © pe * 
an objec at reſt. | 
The velocity of the wheel = = 26+ 


Wd 


* * 
þ 1 F 


= 54 feet 5 
per ſecond, which taken from the 8 of x | | 
the ſtream, leaves 10.8, the velocity with which 
the ſtream ſtrikes the wheel. Then As 16. ]“ 


: 10.8)* :;'99.68 0s. : 44-3 o., the whole korn A 


| of the ſtream . the wheel. 


* \ 


In an x overſhot 


The circumference of the wheel divided by : 5 
the velocity, gives (=) 5.2 ſeconds for the 3 


time of a revolution, balf of which multiplied by New 
the weight per ſecond, gives 292.5 02. for the 
weight of water upon the wheel, when it moves 


with the above velocity, which being multiplied 


by 6366, gives 186.2 o., the force exerted i in 


9 


the direction of a * to turn the wheel. 


Many have expreſſed 8 at PEN the 2 ap 


impulſe of a given ſtream ſhould be leſs than its 
© a 


EXPERIMENTS © ON WWE a + 


- gravity: here I have admitted the impulſe | to be 
almoſt double the gravity, but the reafon why 
its effect is * Nr not ſeem 1 N 


* 
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' OBSERVATIONS o verre AND PLOATS. 


IX the floats of a wheel are fitted to move in 
a channel of the ſame curvature (provided there 
was no loſs of vater), the effect of the water 
would be the ſame as in a enn LE 


| Demonſtration. ne 3 0 5 
8 710. NA. | OR IS ns 


Let oBB be part of a Aa; and let 
the weight of the water in the bucket abd = w; 
the fine of the angle BCd =CA=52; cs, the ra- 


dius, = Fo Then, will — be the force exerted 


at 5 to turn the whee in the dire&tion of a 
. e . ee 

Next, if nbdn. A es at; in 17 | 
which a float-wheel moves, then the water abd . 
will be ſupported by the channel 4b and float ad. 
The ſine of the angle which the channel db 
makes with the horizon will be equal to. that f 
the angle Bcd, and the preſſure which the float 
ſuſtains will be obtained from the property of 4 
the inclined plane, viz, As the radins is to the 
fine of the angle of elgoation, fo is the whole weight 
83 - VVV So 
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Wn wheel, in the dir 


. . e 33 4 


3 Ic s buchet containing 100 lb. of water. be 


„ at the diſtance of 30 degrees from the bottom, Fr 
to determine the force vie WEN, it ens on the 
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| Suppoſe the bucket or float at the diſtance of | 


50 degrees from the perpendicular? ve a ev 5 


The natural fine of 500 16. 766, which multi- 


Nei 
o 


| plied by 100, the weight of the water, gives. 5 


* 
. 


76.6 Ihe for the force; and fo for any other. 


* 
* 
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From which it appears that there is no dif. 

gs ference, except the loſs of water in the float- 1 

| wheel, for, however well it may. be arg es pl 
ſome water will paſs; nevertheleſs, when the 

- * ſtream is large, a wheel with floats may be found: - 


” $ p « * q 2 
more convenient than one with buc kets. For Fx au 
i example, ſuppoſe a ſtream. flowing over a dam 
- MF e, ppo R JE ” By: ng N LY Nn 
. i * 
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t to be 6 feet wide, and 1 foot deep the quan- 


tity per ſecond would be 21 cubic feet (ſee page 
108). Suppoſe 3 buckets or floats paſs the 


ſtream in 1 ſecond, there will be 7 cubic; feet 


for every bucket or float. In a float-wheel there 
ought not to be more than. fix-eight! hs of the 


ſpace filled with water; and in a bucket- wheel 
little mote than one-half. The buckets, there 
fore, ought to contain about [4 cubic feet each, 


when at the end of the horizontal arm; and the 
ſpace between the floats ought to be large e- 
nough to contain about 1o cubic feet; in which 


caſe, if the floats are 15 inches diſtant, they 
ought to be 16 inches deep. But for the buc- 
ket-wheel, the ſhrouds would be near 2 feet 


deep if large enough to contain the water, In 
which caſe, a float wheel ought to be preferred: 


and if a wheel is occaſionally in back-water, 


floats are not ſo much retarded as buckets. 


/ 


E xperiments with wheel adted on by imp *. only. 


In addition to the experiments ue on buc- | 
ket-wheels, in which the water produces the ef- 


fect by its gravity, I ſhall add a few made with 
float-wheels, , on which the water acts by impulſe 


only. If the wheel is. confined in a channel, 


after the water has ſtruck the float, it is retarded, 


and 3 en the float; 5 in which caſe, the 
= Vater 


Oo 
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Vater is acting by impulſe and gravity comblnalt; 
In order to aſcertain, as near as poſſible, the 
true effect of the impulſe, the following experi- 
ments were made. The theory (page 29) aſſigns 
no more than a comparative force to the water; 
or, if a given quantity iſſues with a given velo- 
city, the effect produced ſhould be as the An 3 
of the velocity with which it ſtrikes the wheel, 
and will of conſequence vary with the velocity 
of the wheel; and the velocity of the wheel will 
alſo vary with the reſiſtance. The effect of the 
| ſtream will be greateſt when it ſtrikes the floats 

in a perpendicular. direction, and will diminiſh ' 
as the obliquity increaſes; and as the greateſt | 
force is exerted on the firſt float, it was ne- 
ceſſary, in theſe experiments, to fix the floats a 
little inclined to the circumference of the 1 
or inſtead of the common direction cs, (Fig. 
XXX1) to direct them to the circumference of a 
circle bb, in the direction bs, ſo that the direc- 
tion of the ſtream may be nearly perpendicular 
to the firſt float 35, which is acted upon till 
another 1 intercepts the ſtream, during which time 
its poſition 1 is e cog. 


\ 


The velocity of the ſtream was 9. 3 feet per 
ſecond. The weight of water per minute was 
10 lb. The diameter of one wheel is 12 inches; 
but I take the circumference of that part of the 


floats which was ſtruck by the water to be 2.8 
feet, 
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feet, and the circumference of the other at PEP 
feet. The axle was truly turned, and ſupported | 
on frition-wheels, and by 41 revolutions raiſed 4 
MW weight, eus 5 feet. | fl W 


keen. with the 12 inch wheel W a 

bed , 10 TTTHE] 
8375 SEE 8 Z SF. vs | 
A eee e 

E . 2 1 1 1 

r een N | 

1 7 30 10 3835.47 70. 113.5 [1143 

2 8 33 9093.45 5.85 7272 118.05|118,7 
4382 35 8573.3 16 72.8 118.8 118.9 
4 9 37 | 8.11]3.1 |6.2 72.9 119.16 119.160 

591 392 76 2.91 6.39 72.2 118.76 118 

510 {46 6.52 2.5 6.8 652 115.5 106.5 

[7121 56 | 5-35 2-05 7.25 58.8 107.14 96.1 


* Experiments with the 18 inch wheel. 
TABLE x. l 


1 9 1414] 7.224. 3404.96 64.98 106.61 | 105.9 By 
2 10 45166 3.955 35 69-3 |113-01|112.77] _. - * 

3 11 47 6.383.835. 47 70. 18 114.47 114.4 15 
Mt 122 52 | 5-77 | 3-47 [5-83|72.12|117.9 117.5 
15.13 |54 | $+$5 3.34 '5-96 72.22 118.6 117.655 
6 144) 66 | 4-54 |2-73.6.57 ,65-83{117.79| 107.3. 


1 
hn 


While the 12 inch wheel makes 41 revolu- 
tions, the part of the float which is ſtruck paſſes 
| T0” over 
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over 11 5 feet; and. the ſame part of he 18 inal; 
wheel moves 180.4 feet: hence the velocity ber 
ſecond is found as follows; in experiment, 15. 75 55 
As ou 115 We 1%: 3.83 feet, e. N 


EIS. | 
if 


The velocity with which: the 3 ſtrikes ö 1 
the wheel is alſo known, by ſubtracting the ve- 
locity of the wheel from that of the ſtream; as 


in the firſt experiment, 3.83 taken from 9.3, 5 
leaves 5.47 for the velocity with which, =o 
wheel is ſtruck. | 
Alſo, As 30 : 5 feet::60":;10 feet, the est 
paſſed over by the weight in one minute; which 


ſpace multiplied by the weight, gives the effect * 


contained in the lixth column. 


The aſl eee produced by the 12 inch 
wheel is in the fourth experiment, where 9.02, 
is raiſed through 8.11 feet in a minute; their 
product Is 72.9 for the maximum. | 


! 


But the maximum in the 18 inch wheel is in 
the fifth experiment, where 13 02. is raiſed 5.55 
feet in a minute, and their product is 72-2, 
which is not quite ſo much as that of the left 
wheel; and, indeed, the difſerence would have 
been greater if the wheels had been equally 
heavy, but the larger wheel weighs 12 oz, and 
the ſmaller 11b. 140z. It may allo be obſerved, 


oo 


Bong - 
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a the larger wheel is in this experiment ra- 
ther ſhort of the maximum, its velocity is 3.34 
inſtead: of 3.1, and in the next experiment it 
moves too Te or is man ne in eee Ede 


DT . 1 pouer with the fee. — We 5 
have 10 lb. or 160 0. of water falling through 
2. 2 feet in one minute; their product, 3525 is 
the power; the effect is 73, or Ir of the power 


22, 


= . But in the overſhot (ke page 143) the 


pover is to the effect as 18: 12. 675, or as 1: 
Jog, or the effect is , of the power, which 


is 3. 4 times as much as by impulſe, though in 


theſe experiments we bave the advantage of 
friction-wheels, which were wanting in the ex- 
periments with the overſhot; beſides, the over- 
ſhot was encumbered with a fly, without which 
the motion would not have been regular. 


we may further obſerve, that the effects ob- 
tained by multiplying the ſquare of the velocity 
with which the water ſtrikes the wheel, by the 
velocity of the wheel, as contained in the ſeventh 
colunin of the table, agrees, as near as can be. 
expected, with the experiments, till we come at 
a maximum; after which, the effect, as found 
by experiment, varies from that computed by 
the ſquare of the velocity; and before this, the 
weights raiſed are nearly as the ſquares of the 
velocities with which the wheel is ſtruck. To 
compare 
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compare which, the eighth Gahan is 4 1 
and is found by proportion. For as the ſeventin 
is only comparative, if we ſay, beginning with. ' 
the maximum, Experiment 4th, Table'gth, 4 2 
72.9, the real effect, is to 119. 16, the relative 


effect, ſo is 72.8 to 118.9, the relative, Kei 
by which proceſs, the eighth column is formed 
from the experiments, in order to compare them. 


with the * 


or UNIFORM VELOCITY, 


A wheel turned by the weight or impulſe of 
water has its velocity increaſed till the reſiſtance - 
becomes equal to the accelerating force. The 
reſiſtance may be of various kinds; and in many 
caſes it may be not only difficult, but impoſſible 
to bring it into a computation. See page 154. 


In the preſent obſervations, I ſhall conſider the 


reſiſtance as ariſing from the weight of the 
wheel, and a weight to be raiſed oe a cord 
fixed to its axle. 


The following experiments were made with a 2 
bucket-wheel 20 inches in diameter, and ſup- 
ported on friction wheels: the circumference of 


its axle 9 inches; the whole weight of the 
wheel and axle 8 lb.; the center of gyration is 
at 8.4 inches; and the reſiſtance, at the diſtance 


of 10 inches, wil be about 92 OZ» 7 
| TABLE 


{ 


4 EXPERIMENTS ox WATER-WHEELS: * ; 


In the firſt. experiment, the water - wheel re- | 
volves 6.7 times in 133 ſeconds, and raiſes 4102. 
through 5 feet; the velocity of the circumfe- 


rence is 2.48 feet per ſecond, 


x In the ſecond experiment, the wheel makes 
the ſame number of turns in 164 ſeconds, and 


: 1. 81 OZ, through the fame ſpace, &c, 


We are next to enquire, what weights applied | 
to the axle would turn the wheel, and deſcend 
through 5 feet in 134, 163, 211, &c. ſeconds. 
| (See Theo. 4, page 1 240. 


1 2 5 feet, the ſpace paſſed over by the weight. 


m = the weight ſuſpended from the axle. 


wWw= 92 0z., the weight of the wheel multiplied 
by the ſquare of the center of gyration, and 
divided by the ſquare of its radius. | 


I . C 
1453.5. 802. 134 | 2.48 2:89 268 
2852.35 | 10.85 | 163 | 2,03 | 2.12 | 3.28 
3| 12:5] 1:54 | 14-04 | 215 | I-55 | 1.63] 4-3 | 
4 | 16.5 | 98 174827 1.24 | 1.30 | 5.37 
[5] 20-5] +7 11.3 {| 32 1.05 | 1.07 | 6:35] 
16] 245] +52 | 25-02 | 37 22 | 9327 114. 
. 17 . | . 8 44 


We. have given, 


s= 


———_ 


1 a 
rr 


EL ere 
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8 2 10 iche the radius of the 500 5 e 
my r wah 1. 42 inches, the radius of the ade. Wot Ole 


- r ˙ og HS Oe ol IONS . 
DS EO IONS Soares, oe I 3. 
2 
4 2 : 
— 2 
— 


— 


| = N = the time of deſcent. ENTS. 
. 455 = 16, the feet _—_ through, by gravity, v in 
bi | one ſecond. ac 5 fog a * 


- 


1 | | ä 1 
1 | Then we have the weight m = F 
5 5 S .o 0z., when 7 = 134 ſeconds; but when 

1 S 16, m = 4-7 oz. &c. Now, if 7 oz. falls 
1 through 5 feet with an accelerated velocity, by 2 
1 | the laws of falling bodies, it would, at the end. 

1 | of the time, haye acquired a velocity which, if 

. equable, would carry it over 10 feet in the ſame 1 
} time. And the whole effect is equal to what 
l | half the weight would produce in paſſing over 
F . the ſame ſpace in the ſame time, with an uniform 
| velocity. Half the weights found by the above 4 
0 theorem are placed in the ſecond column, under 
Fo, 9, which being added to the weight raiſed, gives 
B the whole _—_— as in the next column, 

f 7 0 fnd the quantity if water upon the wheel. 


it the quantity delivered in one ſecond, be 
2 maultiplied by the ſeconds in which the £2 85 
„„ makes half a revolution, the product will be the 
whole quantity * the wheel. ? 


— —— wes — — —⁵ 3 


5 ; Or, if half the 1 in feet, is mul- 
RW tiplied by the quantity per ſecond, and divided 
3 = EF ä 


let e * . def OY feaohid,* e 
S half the circumference. © 2 1 
Le v = the velocity of the e etc 7 50 
m4 7 2 : the ſum of the weight and i 
e e an? 


Then will S — = th ads upon the wheal | : 
which quantity wm vary with the velocity. 


. = the power applied. at the circumference | 


wiſtthi will balance m + 9, when in motion. 
Hence, = — == = == = = the oy 


moving power ; und the hasse is = + 10 + 


2 . 12 5 ; by which 100 the 


57 


9 — - Ofþrs 
movin wer, and w oe — 
ng po , e have — e 


for the accelerating force, which, when the mo- 
tion becomes uniform, muſt be equal to the re- 


tarding force, which will be expreſſed by + Es +w 


+ 

+ == ; from which. we Bd * 
acer 7 Mel S E = | . „ 
r, ro 1 oe” = 2r * * 1.— e. 
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The value of v found by the Meer, ml! 
next be compared with what it. is in the expe- 
riment, in which we have given Q = 23 oz., 
Cc = 24 feet, the reſt of the notation as above, 


except p- which is different in every N Ws 
IT 
4 


225i 


In che firſt experiment ap = 8, and E . 


66.66 


22.72 <a? + pr* 


- which k maliphied we 2-934, rw OY 2 v. 


in the ſecond, 72 = - 10.85, 404 v = 2.12, % : 


in the table; in which it appears, that the velo- 
"city found by computation is, in every experi · 
ment, ſomething too much: but the difference 
is leſs than could be expected, when we conſider 
the degree of accuracy which is required, in the 
quantity of water, the * diameter, | inertia, 
TOI &c. | 


When Half the buckets are 3 W 


with water; and the wheel at reſt; if the whole - 
weight of the water is multiplied by. 5366, the 


product is the weight which, if ſuſpended from 
the end of the oppoſite horizontal radius, would 
balance the whole. But, as near as Ican dif. 
cover by experiment, when the wheel is in mo- 
tion, the effect is nearly the ſame as if all the 
water in the buckets gravitated on the end of 


the horizontal diameter. If this is true, it may 
\ = be 


4 


— 20341 and 1'— p29 = -987, 8 


1 
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be owing, iu part, to the velocity which the water 
has when thrown upon the wheel, and to the 
i force, by which it endeavours to move 
in- à tangent to the wheel. But, in making 
computations, to be on the ſafe fide, it * be 
bener to multiply the n by _ SE LA 


* 


When the en is irregular, as in- forges, 5 


tilts, law-mills, rolling-mills, &c. it becomes ne- 


ceflary to add a fly, in order to preſerve; as near 
as may be, an equable . and to avoid 


ſudden x ſhocks i in the work. 


Where there | is convenience, a large fly ought 
to be preferred. For if a fly of io, and another 
of 20 feet diameter, revolve in the ſame time, 
the ſmaller muſt be 4 times as heavy as the 


other, to 1 We ſame. effect. 


In page 143, 5b. is raiſed 6 feet in 142 ie. 


conds, or through 21 inches, the diameter of 


the wheel, in 42 ſeconds, in which time 7 Ib. of 
.water deſcends through the ſame ſpace ; hence, | 


te Resch of the whole is employed in over- 
coming the friction, reſiſtance, Ke and the 
power is to ne effect as 7 to 5. 


In * fixth . of the laſt table, 24.5 


oz. is raiſed through 5 feet in 37 ſeconds, or 
through the diameter of the wheel in 12.95 ſe- 


conds, 


vr 


- af 


7s. ag ParT-FoURTH.” 3 
The value of v found by the . may 2 
next be compared with what it is in the expe» * | 
riment, in which we have given Q = 2 02. , 
© = 24 feet, the reſt of the notation as above, 
| . p, wien is n. in e een, 15 8 


In the firſt experiment p = 8, and E 


66.66 Ws 
22.77 — 1.9345 and 1 — gy IP _ +987, 


wizeh multiplied by a 2.034, gives WP =. Vo 


In the ſecond, » = = 10 Bs, und v= - 2.12, as 
in the table; in which it appears, that the velo- 
"city found by computation is, in every experi- 
ment, ſomething too much: but the difference 
is leſs\than could be expected, when we conſider 


the degree of accuracy which is required, in the _ 


quantity of water, the weight, diameter, , 
fc &c. 


When h alf the buckets are th: loaded 155 


with water, and the wheel at reſt; if the whole 
weight of the water is multiplied by. 5366, the 
product is the weight which, if ſuſpended from 
the end of the oppoſite horiaontal radius, would 
balance the whole. But, as near as I can dif. 
cover by experiment, when the wheel is in mo- 
tion, the effect is nearly the ſame as if all the 
water in the buckets gravitated on the end of 


the horizontal diameter, If this is true, it may 4 


| EXPERIME! NT 
5 ki owing, iu part, to the velocity which the water 


has when thrown upon the wheel, and to the 
centrifugal | force, by which it endeavours to move 
in- à tangent to the wheel. But, in making 
computations, to be on the ſafe fide, it will be 


better to. multiply the n by 2 


\ X 


| When the refiſtance i is irregular, as in- forges, | 
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tilts, law-mills, rolling-mills, &c. it becomes ne- 


ceflary to add a fly, in order to preſerve; as near 


as may, be, an equable motion, and to avoid | 


| ſudden ſhocks i in the work. 


Where there is convenience, a large fly ought 


to be preferred. For if a fly of io, ang another 
of 20 feet diameter, revolve in the ſame time, 


the ſmaller muſt be 4 times as heavy as the 


other, to produce the ſame effect. 


In page 143, 5 lb. is raiſed 6 feet in 142 ſe. 


conds, or through 21 inches, the diameter of . 


the wheel, in 42 ſeconds, in which time 7 b. of 


water deſcends through the ſame ſpace; hence, 


two: ſevenths of the whole is 'employed in over- 
coming the friction, reſiſtance, &c., and the 
2 is to Ws effect as 7 to 5. 


In the fixth experiment of the laſt table, 24.5 


oz, is raiſed through 5 feet in 37 ſeconds, or 
through the. diameter of the wheel in 12.95 ſe- 
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conds, in which time 34-5328 of. of water 4 


ſcends through the ſame ſpace; and As 245 
34.5328 :: 5: 5. og, ſo is the effect to the power, 


applied, the velocity is, inereaſed; but in the 
ſame wheel, the ratio of the power to the effect 
will always be nearly. the ſame, at a maximum. 
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the ſame as above, nearly. If more water is 
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Steam engines, theory of, 85—94. . 
Syphons, experiments with, 117. 
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